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oiled wrappers, oils and waxes IX THE CONTROL 
OF APPLE SCALD' 

1;, Cii.'iRMis IJROOKS, J. S. Cooi.EY, and D. F. KisiieR, Pallmhijisls. Office of Fruit 
OiscaiS Invpstigalions. Bureau of Plant Industry. I'nikd States Department of 

ISTROnUCTIOX 

It has been pointed out in earlier publication.^' that apple scald could 
partly or entirely controlled by tlie application 01 various oils, fats, and 
iva.';es, eitlier to the apple wrappers or to the apples themselves. The 
.OTsent paper reports the results of more complete and detailed studies 
11 the relation of oils and waxes to the behavior of apples in storage. 

STORAGE EXPERIMENTS WITH WRAPPERS 
The results of five years’ experiments with various kinds of wrappers 
a reported in Table I. It will be noted that the tests were made in 
{ ions sections of the country and on varieties that are particularly sus- 
fptible to scald. The northwestern apples were mostly from the fancy 
rade and the eastern ones from the early pickings and greener lots, 
he eastern apples were packed in barrels and the northwestern ones in 
uses and all were held in the local commercial storage plants, usually at a 
(•mperature of 32°. Unless otherwise stated they were wrapjied on the 
iate of picking and placed immediately in cold storage. 

The scald values given show the general severity of the disease, allow- 
iiice being made for the surface area scalded aud the intensity of the scald, 
s well as the number of apples affected. Scald was not usually evident 
'hen the apples were removed from storage, but developed rapidly as 
-he fruit became warm. The perccutages of scald reported for eastern 
ipples are based upon the condition of the fruit after being held for 3 days 
It "0° F., and those for northwestern apples on the condition of the fruit 
■iter 7 to 10 days at 55° to Oo” F. In most cases the apples were held 
or later notes, the contrast between the fruit in the oiled wrappers and 
i»t in untreated wrappers becoming greater with the extension of the 
liter storage period. 

i .'aUE I. — -The effect of oil, pa/affin, and other ivrappers upon the development of scald 


locality of orchard, dale o{ 
P't'kiuj, and kind oi wrapjKr. 


Eastern affles. 

'"tits Golden. Vienna. Va. , Sept. 18, 


: rertmUze of scald on dates shown by numbers in parentheses. 


Decon- 

l>ef. 


i January. 


Febru- 

ary. 


: March. April, i May. June. 


M" 


(20) 

38 : 


I'nwtapped 

Uaoil^ wrapper 

Faraftin wrapper Xii. i 

wrapper Xo. 2 

i^ain wapper Xn. 3 

^Iraeraloil wrapper No. ta 

. j^eptod for publication Oct. 22, 1933. 

Charles, Coolhy, J. S.. ami FisiiBK, D. F. APPtE sCAU). In Jour. Agr. Research, v. 16. p. 

‘ H?, II fig. lgt9. 

. NAiURB AND coNiFoi. OF APPLE SCALD. /» Jouf. Agf. Research, v. 18, p. 211-240, 

Literature cited, p. 24a 


Vol. XXVI, No. II 
Dec. 15, 1933 

Ke>' Na G-344 



Journal of Agricultural Research 


Vol.XXVI.Ko. 


Table I . — The effect of oil, paraffin, and other wrappers upon the development of 
scald — Continued ^ 


Variety, locality of orchard, date of 

picking, and kind of wrapper, D^cenj 


Percentage ot scald on dates shown by numbers in parentheses 


January. I “^rch. | April. May. | junp. 


EASTERN APPLES— continued 
Grimes Golden, Rockville, Md., Sept. 

4 * 1919 

Unwrapped 

Unoiled wrapper 

Glassine wrapper 

Paraffin wrapper No. 1 

Paraffin wrapper No. 2 

Mineral oil wrapper No. 1 

Mineral oil wraitper No. la 

Mineral oil wrapper No. ib 

Mineral oil wrapper No. 2 

Mineral oil wrapper No. 3 

Grimes Golden, .Arlington, Va., Sept. 

10, 1920 


Unwrapp^ 

Mineral oil wrapper No. 3 

Mineral oil wrapper No. 3a 

Grimes Golden, Rt^ville, Md., Sept. 

3, i9ao 

Unwrapped 

Unoiled wrapper 

Mineral oil wrapper No. 3 

Mineral oil wrapper No. 4 

Crimes Golden. Charlestown, W. Vo., 

Sept 6, 1921 

Unwrapped 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 4 

Mineral oil wrapper Na 4b 

Mineral oil wrapper Na 4c 

Mineral oil wrapper Na s 

Mineral oil wrapper Na 6 

Mineral oil wrapper No. 7 

Crimes Gdden, Rockville, Md., Sept 

6, 1922 

Unwrapped 

Unoiled wrapper 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 10 

Mineral oil wrapper No. 11 

Mineral oil wrapper No. iia 

Mineral oil wrapper No. iib 

Mineral oil wrapper No. nc 

Mineral oil wrapper No. i id 

Mineral oil wrapper No. iie 

Mineral oil wrapper No. 13 

York Imperial, Rockville, Md., Sept., 

36, 1919 

Unwrapped 

Glassine wrapper 

Mineral oil wrapper No. 1 

Mineral oil wrapper No. ib 

Mineral oil wrapper No. a 

Mineral oil wrapper No. 3 

Wrappers with 60 per cent oil and 

40 per cent parafnn mixture 

York Imperial, L^burg, Va., Nov. i, 

1919 

Unwrapped 

UnoUed wrapper 

Mineral oil wrapper No. i 1. 

As above but 60 per cent oil and 40 

per cent paraffin mixture 

York Inqierial, Winchester, Va., Oct. 

9. 1920 

Unwrapped 

Mineral oil wrapper No. 38 

Mineral oil wrapper No. 4 

York Imperial, Arlington, Va., Sept. 

27. 1920 

Unwrapped 

Unoiled wrapper 

Unoiled medicated wrapper 

Mineral oil wrapper No. 3 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 4 
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T.B.E l.-m effect of o.l, upon ike ^elopneni of 


Variety, locality of ordiard, dat« oI | 
pickiop, and kind of wrapper. j 


R.^STIiRN APPLliS— continued. 

Vfirk Imperial, Charlestown, W. Va,, 

Sqjt. 20, 19a I 

Unwrapped ’ 

Unoiled wrapper 

Mineral oil wrapper No. 3 , . . ' ' 

Mineral oil wrapper Na 3a 

Mineral oil wrapper No. 4. , . , 
Mineral oil wrapper No. 4a, . , 
Mineral oil wrapper No. 4b . . 
Mineral oil wrapper No. 4c. . . 
Mineral oil wrapper No. 5... , 
Mineral oil wrapper No. <5. . , 

Mineral oil wrapper No. 7. , . , 

York Imperial, Arlington. Va., Sept. 

13,19a* 

Unwrapped 

Mineral oU wrapper No. 3a 
Vcrk imperial. Rockville, Md., Oct.'j.' 


J933 . 


Unwrapped 

Unoiled wrapper 

Mineral oil wrapper No^ 3 a . . , 
Mineral oil wrapper No. 10. . , 
Mineral oil wrapper No. r i . . ! . . 
Mineral oil wrapper No. ita...!,!i 
Mineral oil wrapper No. it 
York Imperial. Woodside. Del. &pt 

11, 192J 

Unwrapped 

Unoiled wrapper 

Mineral oil wrapper No. 3a..,. . ! 
Mjccral oil wrapper No. t r , . . 
Mineral oil wrapper Na i ra . . ! ! ! ' 
Mineral oti wrapper No. nb . 
Mineral oil wrapper No. iic... ; ' 
Miner^ ojI wrapper No. nd. . 

Mineral oil wrapper Na iie 

MmeraJ oil wrapper No. irf 

Mjn«a! oil wrapper No. tj. . . 
Mineral oil wrapper No. 13a 
jork Imperial Cornelia, Ga , S 

1933 

Unwrapped 

Wmeap, WinchKter. Va., 
Unmapped. 

Unoiled wrapper 

Inoiled medicated wrapper. 

Mmeral oil wrapper Na 3. . . 

Mmeral oil wrapper Na 3a 

« oil wrapper No. 4 . . , . 

^ ®«sap, Rockville, Md' 

^^7-1920 

jjpwrapped 

Mmeral oil wrapper Naj... 

oil wiapper No. 3a. . 
V?^^»esap. Charlestown. W. 

21, i^ix. . . 

IjO’frapped. 


, Sqjt. 8. 


Mineral oil wrapper No. 3a, , 


M oij swapper No. 

M oil wrapper No. 4a, . 

wrapper No. 4b. 
wrapper Na 40. . 
Wmesap. Woodside. Del, 
f =8. 192a . . 

,r’?ropped. . 

tnoiled 

Imfoil 


No.' jaV. 

^Imeral oil 


wrapper No. 13.. 


;Perceiiia£e of scald 


Decern- - 

January. 


(29) 

65 


on dates shown by numbers in parentheses. 


Pebru- 

ary. 

^ March. 

April. 

May. 

June, 

(10) 


‘ 



16 





8 






0 





0 





4 

i 



3 




3 

9 




6 

1 : 



* 

■ i 




! 






(17) 

40 

i 

fe) ! 


31 


67 } 


0 

i 

4 ! 



( 6 ) 


'(6) (26) 

46 
40 


9 

15 

6 

IS 


(5) 


(I) 

18 


(24) 


(1.0 


(6) (26) 
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Table I . — The effect of oil, paraffin, and other wrappers upon the development 

jca W— Continued 


Variety, locality of orchard, date of 
picking, aud klud of wrapper. 


EASTERN APPLES— cominued. 
Arkansas (Mammoth Black Trrig). 

Winchester, Va., Oct. 7, 1919 

Unwrapped 

Unoiled wrapper 

Mineral oil wrapper Na la 

Mineral oil ^raiiper No. 1 

As above but 60 per cent oil and 40 

per cent paraffin mixture 

Arkansas (Mammoth Black Twig), 

Rodcville, Md., Oct. 14, 1920 

Unwrapped 

Unoiled wrapi>er 

Mineral oil wrapper No. 3 

Mineral oil WTaxiper No. 3a 

Mineral oil wrapper No, 4 

.■Sirkansas (Mammoth Black 'rwig). 
Middletown. Va., Oct. 20. 1920 

Mineral oil wrapper No. 3 

Mineral oil wrapper No. 3a 

Arkansas (Mammoth Black Twig), 

Winchester. Va., Oct. 18, 1920 

Unwrapped 

Mineral oil wrapper No. 4 

Arkansas (Mammoth Black Twig), 

RodeviUe, M<L, Oct s, 1932 

Unwrapped 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. ria 

Mineral oil wrapper No. iib 

Mineraloil wrapper No. itc 

Mineral oil wrapper No. nd 

Mineraloil wrapper No. ne 

Mineral oil wrapper No. ttf 

Mineral oil wrapper No. u 

Mineral oil wrapper No. 13 

Arkansas (Mammoth Black Twig), 
Mattidsburg, V. Oct 26. 1922. . 

Unwrapped 

Mineralfil wrapper No. 3a 

Mineraloil wrapper No. n 

Mineraloil wrapper No. iia 

Mineraloil wrapper No. tih .... 

Mineral oil wrapper No. tic 

Mineraloil wrapper No. 13 

Mineral oil wrapper No. 13 

Mineral oil wrapper No. 13a 

Yellow Newtown, Winchester, Va.. 

Sept. 30, 1919 

Unwrapped 

Mineraloil wrapper No. : 

Mineral oil wrapper No, tb 

Mineral oil wrapper No. 2 

Mineral oil wrapper No. 3 

Rhode Island, Greening, Penn Yan. 

N. Y.. Oct. 7. 1920 

Unwrapped 

Mineral oil wrapper No. .1 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 4 

Rho^ Island, (keening, Pough- 
keepsie, N. Y.. Oct. 4, 1921 

Unwrapped 

Mmeral oil w rapper No. 3a 

Mineral wl wrapper No. 3b 

Mineral oil wrapper No. 4 

Mineral chI wrapper Na 4b 

Mineral oil wrran)eT No. 4c 

Mineral oil wrat4>er Na 6 

Mineral (nl wrapper No. 9 


Percentage ol scald on dates shown by numbers in parentheses 


Decem- 

ber. 


January. 


(10) 

55 

38 


(24) 

52 


NOIttfHWESTHRN APPLES. 
Grim^ Gdden, Wenatchee, Wash., 

Sept 1919 

Unrfled wrapper 

Mineral <wl wrapper Na i 


(24) 



April. 

May. j janj 

1 

(=) ' i.-J) 

(14 78 

59 • 7 t> 

31 

25 30 

lb SI 


1 














48 


' 










! 


i 


1 






1 


(26) 






8 

(l;) • 

Us ) 

75 ' 



,(6) (21) 


(1) 


Us) 

15 

j8 

IS 




(i.O i (19) 


(29) 


<s) 

>5 
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Table I- — 9f parafin, and other wrappers upon Die development oj 
scald — Continued 


{ Percentage of scal J on dates shown by numbers in parentheses. 


Variety, locality of orchard, date of r 

picking, and kind of wrapper. D,ccm- 


NORTHWESTERN APPLES— Continued | \ 

Grimes Golden, Wenatchee, Wash ,j ! 

Sept. 30, 1930: j 

Delayed in closed room till Oct 14 J 11 

igao ! ' fia) ' 

Unoiled wrapper j : : s7 ! 

Mineral oil wrapper Na 1 • 1 1 

Mineral oil wrapper No. 4 ! i 

Immediate storage— I 1 

Unwrapped 7 ' 

Unoiled wrapper .-5 ‘ 

Unoiled medicated wrapper ' x ' 

Mineral oil wrapper Na 1 o j 

Mineral oil wrapper No. 3a o ! 

Mineral cal wrapijer Na 4 o 

Grimes Golden, Wenatchee, Wash,, , | 

Sept. 19, 1931 ' '>■ 

Cellar storage— : 

Unoiled wrapper i 34 

Mineral oil wrapper No. 4- ' j 0 

Mineral oU wrapper No. ah. , , , ! I e 

Mineral oil wrapper No. 8 1 1 ! • o 

Cold storage— | j 

Uniiil^ wrapper : 1 .11 

Unoiled medicated wrapper. . . ; i 33 

Mineral oil wrapper No. 4 • o 

Mineral oil wrapper No. ah, . . .' o 

M ineral oil wrapper No. 4c > 

Mineral oil wrapper No. 5 0 

Mineral oil wrapper No. 6 ' [ o 

Mineral oil wrapper No. 7 j 0 

Grimes Golden, Wenatchee, Wash., , | > ! 

Sept. 13, 1922 : ; ("i?) 


March. 

April. 

May. 

June. 

j 




i • 








Cellar storage— 

Unoiled wrapper 

Unoikd medicated wrapper ,.. 

Mineral oil wrapper Na 4 

Mineral oil wrapper Na ? 

Mineral oil wrapper No. 12 . . 
Mineral oil wrapper No. 13a, . . 
Cold storage— 

Unoiled wrapper 

Unoiled medicated w rapper. , . 

Mineral oil wrapper No. 4 

Mineral oil wrapper No. 0 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. iic... 
Mineral oil wrapper No. iif. . , 
Mineral oil wrapper No. la, . . . 
Mineral oil wrapper No. 13 ... . 
Vork Imperial, Wenatchee, Wash., 
Oct. 8, 1921 


Unoiled wrapper j.. j j 47 

U^ilcd medicated wrapper ■ j *•> 


Mineral oil wrapper No. 3a , 
Mineral oil wrapper No. 4. 
Mineral oil wrapper Na 43 . 
Mineral oil wrapper Na 4b 
Mineral oil wrapper No. 4c. 


Mineral oil wrapper No. 5 I * 

Mineral oil wrapper Na 6. ; ® 

Mineral oil wrapper No. 7 ° 

Mineral oil wrapper No. 9 ® 

Vork Imperial, Weuatchee, Wash. ! ' . ' 

Picked Oct. J9, 1922, stored Oct. 23. i / % 

1922 i I (» 9 ) 

Unoiled wrapper I J 1 3 ’ 

Mineral oil wrapper No. 4 ' \ ’ 

Mineral oil wrapper No. 7 ' j * 

Mineraloilwrai^erNo, ii ! ! 

Mineral oil wrapper No. na | ^ 

Mineral oil wrapper Na 1 if J * 

Mineral oil wrapper Na 12 \ 

Mineral oil wrapper No. 13a * 
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TablB l.—The effect of oil, paraffin, and other wrappers upon the development ol 
icoW— Continued ^ 


Variety, locality of orchard, date of 
picking, and kind of wrapper, 


NORTHWESTERN APPLES— cimtiaued. 


Percentage o! scald oa dates shown by numbers in pareathest$ 




Febm* 

ary. 


April. I May. j 


Rome Beauty Wenatdiee, Wash., Oct 

74 , 1919. ^ored Oct 31 

Unoiled wrapper 

Mineral oil wrapper No. i 

Rome Beauty, Wenatdiee, Wash. , Oct 

io, 19SO 

Urmtled wrapper 

Unoiled medicated wrapper 

Mineral oil wrapper No. 1 

Mineral <mI wrapper Na 3a 

Mineral oil wrapper Na 4 

Rome Beauty. Wenatchee, Wash. , Oct. 

a?. 19SI 

Cellar storage— 

Undled wrapper 

Mineral oil wrapper No. 4 

Mineral oil wrapper No. 4a 

Cold storage— 

Undl^ wrapper 

Mineral oil wrapper Na 4a I 

Mineral oil wrapper Na 4b j 1 .. 

Rome Beauty .Wenatchee. Wash., Oct. j 1 

6, 191a, Stored Oct 10 j 

Cellar storage— • 

Unoiled wrapper j 1 . . 

Mineral oil wrapper No. 4 j j.. 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. 11 j- 

Mineral oil wn^erNa tia 

Mineral oil wrapper No. ta 

Mineral oil wrapper Na 13 

Cold storage— 

Unoiled wrapper 

Mineral oil wrapper No. 

Mineral oil wrapper No. 7 

Mineral oil wrap^ier Na 

Mineral oil wrai^r No. it 

Mineral oil wrapper No. iia 

Mineral oil wrapper No. la 

Mineral oil wrapper No. ij 

Rome Beauty, Wenatchee. Wash.. Oct. 1 

19, igaa [■ 

Unoiled wrapper 

Mineral oil wrapper No. 4 

Mjneral oil wrapper No. ti | i- 

Mineral oil wrapper No. 13 ’ 

StaymanWinesap.Wenatchee, Wash., I 1 

Oct. TJ, 1918 j 

Unwrapped 

Unoiled wrapper ! 1 

GUssine wrapper ' 

Paraffin wrapper No. 2 j 

Paraffin wrapper No. 3 j ! 

Mineral oil wrapper Na la ! | 

StaymanWinesap.Wenatchee, Wash.. j 

Nov. 4, 1980 

Unoiled wrapper, ! 

Mineral oil wrapper No. i 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 

Staymen Winesap, Wenatchee, Wash. , 

Oct 

Cellar stctfage— 

Uncled snapper 

Mineral oil wrapper No. 48 

Cdd storage, Nov. 3, 1921— 

Unoil^ wrapper 

Uncled medicated wTapper 

Mineral oil wrapper Na 4* j 

Mineral oil wrapper Na 4b ] j 

MineraoU wrapper No. 4c j j 

Mineral oil wrapper No. 7 


(ai) 

*3 


(30) 


(aa) 


(i 4 ) 

16 


(7) 


(18) 

16 

7 


(29) ■ (18) 




(as) 

ss 


(-1) 


(33) 

16 
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TablS 1- The effect of oil, paraffin, and other wrappers upon the development of 
scoii— Continued 


Variety, locality of orchard, date ol 
picking, and kind ol wrapper. 


Percentage (rf scald on dates shown by numbers in parentheses. 




Pflidous, Wenatchee, Wash.. 

Sept. ?9, 

Cellar storage— 

CTnoiled wrapper 

Mineral oil wrapper Ko. 4 

Mineral oil wrapper No. 4b ... . 
Cold storage— 

Unoilrf wrapper 

Mineral oil wrapper No. 4, . , . 
Mineral oU wrapper No. 4a. . , 
Mineral oil wrapper No. 4b . . . 

Mineral oil wrapper No. 7 

Arkansas (Mammoth Blat^ Twig). 

Wenatchee. Wash.. Nov. i, 1910. . . 

Uucaled wrapper 

Mineral oil wrapper No. i 

Mineral oil wrapper No. ja 

Miflcral oil wrapper No. 

.Arkansas (Mammoth Black Twig). 

Wenatchee. Wash., Oct. as- ‘92J 

UMiled WTapi>er 

Mineral oil wrapper No, 4 

.Mineral oil wrapper No. 4b 

Mineral oil wrapper No. 4c 

Mineral oil wapper No. s 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. 8 

Mineral oil wrapper No. 9 

Arkansas (Mammoth Black Twig), 

Wenatchee. Wash., Nov. 1 , 1922. 

Stored Nov. 

Cellar storage — 

Unoiled wrapper 

Mineral ml wrapper No. 4 

Mineral oil wrapper No. : 

Mineral oil wrapper No. i a . . 

Mineral oil wrapper No. js 

Cold storage 

Unoiled wapper 

Mineral oil wrapper No. 4 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. 10 

Mineral oil wrapper No. tj 

Mineral oil wrapper No. 13 

■'wie Peannain, Wenatchee, Wash., 


4, 1991. . 


Oil „ 

Unoiled wrapper 

Mineral oil wrapper No. 4 . , . 
Mineral TPiapper Nol 4a. . 
Mmeral oil wrapper Nol 4b. , 
Mineral oil wrapper No. 4c. , 
Mineral oil wrapper No. 6 . . . 
•Mineral oil wrapper No. 7 . . . 


March, j April ; May. 


suKTHWESTiikK APPLES— continued 
Siaymaa Winesap, Wenatchee, Wash, , 

0 ''-? 5 'W- I I i I (17) 

Cellar storage— 1 i - 1 

Unoiled wrapper 

Mmeral oil wrapper No. 7 

Mineral oil wrapper No. ij | | !. . 

Mineral oil wrapper No. 13. 

Cold storage— 

Unoiled wTapper 

Mineral oil wrapper No. 4. 

Mineral oil wrapper No. 7. 

Mineral oil wrapper No. 11 

Mineral oil wrapper No. is, . . .| ; !'. . 1 !!. .! o 

Mineral oil wrapper Na 13 , j ! 0 

SiaynianWinesap, Wenatchee, Wash.. j" 

Oct. 90 , 192s ' ' I i 




(17) 


(4) 


Unoiled wrapper 1 i j I j 

Mineral oil wrapper No. 4 . ' ‘ ' ' ' 

Mineral oil wrapper Na j i 
Mineral oil wrapper No. ij 
Mineral oil wrapper No. 13 


(i?) 


June. 


(?) 


(C) 




Variety, locality of orchard, date of 
picking, end kind of wrapper. 


NORTHWESTEEN APPZ.ES— Continued. 
WTiite Pearmain, Wenatchee, Wash., 

Oct. 13 , 1982 

■Unotied wrapper 

Mineral oil wrapper No. 4 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. 11 

Mineral oi] wrapper No. i la j 

Mineral oil wrapper Na la | 

Mineral oil wrapper No. 13 { 

Arkansas Black, Wenatchee, Wash., | 
Oct. ai, 1930 j 

Mineral oil wrapper No. i ! 

Mineral oil wrapper No. 3a 

Mineral oil wrapper No. 4 [ 

.Arkansas Black, Wenatchee, Wash., 

Oct as. *931 

Untied wrapper 

Mineral oil wrapper No. 4 

Mineral dl wrapper No. 4a 

Mineral oil wrapper Na 4h ’ 

Mineral dl wrapper No. 4c \ 

Arkansas Black. Wenatchee. Wash-.i 
Picked Nov. 4. 192:. stored Nov. 7,. .1 
Cellar storage— ' 

Unoiletl wrapper 

Mineral oil wrapper No. 4 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. 13 

Mineral oil wrapper No. 13 

Cold storage— 

Unoiled wrapper. . . 

Mineral oil wrapper No. 7 

Mineral oil wrapper No. u 

Jfineral oil wrapper No. 13 

Yellow Newtown, Wenatchee. Wash.. 

Oct. 21, 1921 

Undied wrap{)or 

Mineral oil wTapper No. 4 

Mineral oil wrapper No. 4a 

Mineral oil wrapper No. 4b 

Mineral oil wrapper No. 4c 

Winesap, Wenatchee, Wash.. Oct. :■. 




1920. :• 

Unoiled wrapper ' i. 

Mineral oil wrapper No, 3a ’ ' 1 . 

Mineral oil wrapper No. 4 1 . 

Winesap. Wenatchee. Wash.. Oct. 13, • j 

Undied wrapper ' , ;. 

Mineral oil wrapper No. 4 !- 

Mineral dl wrapper No. 4a 

Mineral dl wrapper No. 4b : . 

Mineral oil wrapper No. 4c '• [. 

Mineral dl wrapper No. 5 - j. 

Mineral oi! wrapper No. 7 j 

Mineral oil wrapper No. 

Winesap. Wenatdiee, Wash., Oct. 25, i 

1931. Cold storage 

UnoUed wrapper 

Mineral dl wrapper No. 3a !. 

Mineral oil wrapper No. 4 • [. 

Mineral dl wrapper No. 4a I. 

Mineral dl wrapper No. 4b ' ! 

Mineral oil wrapper No. 4c j. 

Mineral oil wrapper No. 5 

Mineral oil wrapper No. ^ ! 

Mineral dl wrapper No. 7 

Mineral dl wrapper No. S i I, 

Mineral dl wrapper No. 9 • ..j 

Winesap. Wenatchee. Wash.. Oct. 19. ! 

1922 i 

Undied wrapper ^ i 

Mineral oil wrapper No. 4 j '■ 

Mineral oil wrapper No. 7 ! ' 

Mineral dl wrapper No. rr ^ 

Mineral oil wrapper No. r? 

Mineral oil wrapper No. r.t 
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UNOHED WRAPPERS 

Xhe tests with apples in the usual commercial wrappers as compared 
itith unwrapped apples show that these unoiled \vrappers have practically 
no effect upon scald control. In the tests of Table I where the two condi- 
tions were compared the average degree of scald on the wrapped apples 
0s 41 per cent and that on the unwrapped ones 42 per cent 

UNOILED MEDICATED WRAPPERS 

The unoiled medicated wrappers were purchased in the northwestern 
inaikct where they have been extensively sold on the ground that they 
have great preservative qualities. The average results of the comparable 
tests in the preceding table show 33 per cent of scald on the apples in 
aaoiled wappers and 23 per cent on the apples in unoiled medicated 
ivrappers. 

PARAFFIN WRAPPERS 

Paraffin wrapper No. i was made by soaking the usual commercial 
apple wrapper in hot paraffin; paraffin wrappers No. 2, 3, and 4 were 
supplied by paper companies; No. 2 was a heavy grade of paper and No. 
j and 4 tissue grades similar to the paper used for wrapping lunches and 
apparently infiltrated wdth a low melting point paraffin or a mixture 
oi paraffin and oil. 

The paraffin wrappers have reduced the percentage of scald in all cases, 
but have shown only about half the efficiency of the mineral oil wrappers. 
.In average for the comparable tests shows 42 per cent of scald on the 
apples in unoiled commercial wrappers, 20 per cent on the apples in the 
paraffin wrappers and no scald for those in mineral oil wrappers. 

MIXER-t,!. OIL WRAPPERS 
EFFECT UPON SC.UD 

The scald control secured with the mineral oil wrappers is shown in 
detail in Table I and the relative efficiency of the various wrappers is 
brought out more clearly in Table II. In most cases these wrappers 
either entirely prevented the disease or reduced it to such an extent 
that it was no longer of importance from the market .standpoint. In the 
total of 67 experiments there were four instances that probably should 
be noted as exceptions to this rule ; two with eastern grown Stayman 
Winesap and two witli eastern grown Arkansas (Mammoth Black Twig) . 
In the 1921 and 1922 experiments with Stayman Winesap scald was 
reduced from more than 50 per cent on the unwrapped fruit to 4 to i(> 
per cent on the fruit in the better grade of oil wrappers. In the 1919 
experiment with Arkansas scald was held in complete control by the oiled 
"Tappers until January 10, when the unwrapped fruit showed 55 per 
cent of the disease, but by February 2 the apples in oiled wrappers had 
developed 18 to 25 per cent of scald as compared with O4 per cent on 
the unwrapped apples. In the 1922 experiment on Arkansas from 
Rockville, Md., the apples in oiled wrappers had developed about 20 
POT cent of scald by February 17, while those that were unwrapped had 
'5 per cent. These results with Stayman Winesap and Arkansas would 
“Ppear to be fairly satisfactory when compared with tlie average data 
from disease-control measures, but they fjill considerably short of tlie 
wntrol secured in other oiled wrapper experiments, and in the case of 
too Arkansas the disease was not held sufficiently in check to prevent 
the apples from being offered at a discount in price. 



Table II . — Relative efficiency of mineral oil wrappers in the control of apple scald 
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A study of the data from the experiments reported in Table I, in whid, 
fruit was withdrawn at different times in the storage season, shows that 
the oiled ^vrappers have delayed scald 4 to 12 weeks on Grimes, 8 to 
18 weeks on York Imperial, 10 or more weeks on Rome Beauty, 5 to 1- 
weeks on Stay man Winesap, and 4 to 15 weeks on Arkansas (Mammoth 
Black Twig). The fruit that was unwrapped or in unoiled wappors 
became more seriously scalded with the advance of fte storage season, 
while that which was in oiled wrappers usually remained practically or 
entirely free from scald, the apples finally breaking down from old age 
or some other cause. The apples in oiled wrappers were usually firmer 
and crisper than those in unoiled wrappers. 

SOURCE -WD PREP.tR.'lTION OF OILED WRAPPERS 

Mineral oil wrappers Nos. i, la, and ib were treated with an oilhav 
ing a yellow color and a slight odor of kerosene. The oil was of paraffin 
origin and was purchased from an eastern oil company having large 
holdings in the South Central States. Wrapper No. i was prepared by 
applying hot oil to the usual 14-pound commercial apple wrappers and 
remordng the excess of oil by stacking the oiled wrappers between un- 
oiled ones. The final wrappers carried 1 7 to 25 per cent of their weight 
of oil. Wrappers No. la and ib were supplied by a paper company; 
No. la was a very heavy grade of oiled paper and No. ib a similar papei 
of medium weight, yet far too heavy for commercial apple wrapping. 

Wrapper No. 2 was hand oiled, as described for No. i with a similai 
oil from the same source, but having a higher viscosity. 

Wrappers No. 3, 3a, and 3b were treated witli an oil that was similar 
to those used on Nos. i and 2 and of the same origin, but it had a 
higher specific gravity and a deeper color. Wrapper No. 3 was hand 
oiled, as described for No. i. Wrapjier No. 3a was a specially pre- 
pared apple wrapper purchased from an eastern paper company. S« 
description in Table III. , 

Wrapper No. 3b was a specially prepared apple wrapper purchased 
from a western company. It was a 14-pound paper carrying ii pC' 
cent of oil. 

Wrappers Nos. 4, 4a, 4b, and 4c were treated with an odorless, taste 
less, colorless oil derived from a paraffin base and refined by an easteri 
oil company. Wrapper No. 4 was hand oiled, as described for No. 
Wrapper No. 4a was a special apple wrapper prepared by the same com 
panv that prepared No. 3b. It was a 14-pound paper carrying r 
per 'cent of oil, or about 22 grams to lOO wrappers. Wrapper No. -, 
was a special apple wrapper prepared by a middle west paper compan} 
It was a 12-pound paper carrying 14 per cent of oil, or about 23 gra 
to each too wrappers. Wrapper No. 4c was from the same ‘-'O’t'P' : 
as No. 4b, but it carried only 4 per cent of oil, or about 6 grams to 

100 wrappers. v , bn 

Wrapper No. 5 was hand oiled, as described for wrapper No. i, ■ 
with an odorless, tasteless, colorless oil a little heavier tlian tha 
on wrapper No. 4 and marketed by the same oil company. 

Wrapper No. 6 was hand oiled, as described for No. i, but m 
odorless, tasteless, colorless oil a little lighter than that used on i 
No. 4, derived from a paraffin base and marketed by a mraai 
oil company. 
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Wrapper No. 7 was hand oiled, as described for No. i, but with an 
odorless, tasteless, colorless oil derived from an asphalt base and mar- 
ketrf hy a Pacific coast oil company. 

Wrapper No. 8 was an oiled, medicated wrapper marketed by the 
same company as the unoiled medicated wrapper already described. It 
lad been treated with the same oil that was used on wrapper No. 7 
and carried 15 per cent of its weight of oil. 

Wrapper No. 9 was a specially prepared WTapper sold by the same 
company as 3a; it had been treated rvith an odorless, tasteless, eolorlcss 
oilcomHned with a small amount of paraffin and carried about 18 per 
cent of the two combined. 

Wrapper No. 10 was apparently very similar to wrapper No. 9 but it 
uss prepared by a middle west paper company. 

Wrappers No. ii, iia, iib, iie, iid, iie, and iif were prepared by 
an eastern paper company and were treated with the same oil as wrapper 
So. 4. Wrapper No. ii was from 14-pound paper, and No. iia from 
1 2-pound paper, both guaranteed to contain as much as 22 per cent of 
oil. See Table III. Wrappers iib, iic, iid, iie, and iif were guaran- 
teed to contain 30, 25, 20, 18, and 15 joer cent of oil, respectively. 
They were prepared by the paper company for ex|ierimenta] use. 

Wrapper No. 12 was prepared by a New England paper company. 
It was a 14-pound paper and treated with the same oil as wTapper No. 
4 See Table III. 

Wrappers No. 13 and 13a were prepared by the same company as 
wrapper No. 4b and 4c. No. 13 was a i4-pound paper carrying 24 per 
cent of oil and No. 13a a 12-pound paper. Sec Table III for oil content. 

RELATIVE EFFICIENXY OF OILS 

.til of the oils used have given good scald control. A comparison of 
the results with the hand-oiled wTappers Nos. i, 2, 3, 4, 5, 6, and 7, as 
shown in Table II, might suggest some slight contrast in efficiency, but 
perhaps not enough to be of practical importance and beyond experi- 
niental error. 

DOSAGE OF OIL IN THE WRAI'PER 

Experiments have shown that wrappers with free oil on their surface 
may sometimes cause slight injury to the skin of the apple, but fortu- 
nately such excessively oiled wappeis are impractical for general use on 
account of the wrappers sticking together. The hand-oiled wvrappers used 
in the previously^ reported experiments had from 17 to 25 per cent of oil, 
nr practically all the paper would carry. These wrappers gave good 
scald control and caused no injury, but the most completely saturated 
nnes sometimes delayed the natural yellowing of the ground color of the 
apples, making them appear abnormally green at the time of removal 
Irotn storage. The dosage of oil in the commercial or machine-made 
mappers ranged from 4 to 30 per cent. The wrappers with 4 per cent 

oil have sometimes given good scald control but under severe tests 
iiavebeen an almost complete failure. Wrappers carrynng ii and 12 
cent of oil have given good results on western apples and fair on 
®tern, but where apples have been held rather late there have been 
'iclications that these wrappers had about reached their limit in scald 
“Dtrol. Commercial wrappers carrying 15 per cent or more of oil 
(about 28 grams to each 100 wrappers) have given good scald control with 
no objectionable results. 
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retention of on, by the wrappers 

A study was made of the extent to which the various oiled ivrappers 
gave up their oil to the apples or to other objects with which they came 
in contact. Oil determinations were made on fresh unused wrappers, on 
similar wrappers after removal from apples at the end of tlie storage 
period, and on the box-liners from the same packages. Tests were also 
made on the freedom with which the various wrappers gave up their oil 
to sheets of blotting paper, the oil content of fresh wrappers being com- 
pared with that of similar wrappers that had been held betw^n sheets of 
blotting paper imder lo pounds pressure for 48 hours. The oil determina. 
tions were made by petroleum ether extraction wiA the Soxhlet appa- 
ratus. The preliminary work was done by the writers and the results 
checked up and confirmed by determinations made by Dr. G. S. Jamieson 
and Mr. W. F. Baughman of the oil, fat, and wax laboratory. Bureau of 
Chemistry. All percentages are computed on the dry weight of the oiled 
paper. The results are reported in Table III. 

Tabt.B III . — Dosage of oil in the wrapper: relentiov of nil 


Wrappers. 

Dosage ol 
aniresh 
wrappers. 

Dosage of oil 
after me on 
the apples. 
Gm. of oil per 
wrapper. 

Dosage of cai 
after 48 hours 
between blot- 
ters. Gm. of oil 
per wrapper. 

Dosage of oil 
in box liners 
alter use in 
contact with 
oiled wrap- 
pers. 

Number. 

Weight o( 
paper. 

1 

I sue. 

Cm. 

per 

wrap- 

per. 

Retain- 

ed. 

Lost. 

R^ain- 

Lost. 

! pS' 

bo., 



. 10 X 10 I >1.3 

0.4097 

: 0 - 343 t* 

aoMi 

0.0620 

0. 3477 

9.6 ; 4 d;!] 



; 10 X 10 1 > 4 - 4 

.«8l 

1 .3875 

.0606 

• 0763 

, 37'8 



I, -lb 

' 10 X 10 1 a6. ,3 


; .3638 

.0718 

.o 6 i 7 

.3669 

7 . 7 ; 3 

4. 9 ; 3 . 1016 



' to X 10 ^ 14 - 1 

.3191 

! . 2640 

- 055 * 

. 0625 

.2566 

13* 

tj*lb 

i 10 X 10 : 1^ 7 


. jofe 

0448 

.0478 

.2050 

10.1; I'S'iO 



.i 

■ . 17.31 

-.V 34 

0597 

.063s 

.3096 

43 ^ 9 ^ 


The data reported in Table III show some contrast in the freedom uitli 
which the different wrappers gave up their oil during storage and a still 
greater contrast in the freedom with which they released their oil to dn’ 
blotters. A comparison of these data with that reported in Table II, 
however, gives little evidence of correlation betv.'een the freedom with 
which the wrappers released their oil and their efficiency in scald control 
The average loss of oil by the wrappers during storage was approximately 
0.0597 S®- wrapper. The amount taken up by the liners varie 
widely but averaged 4.3598 gm. per box. With a box containing 113 
apples this would mean that the liner had taken an average of o.03«ii 
gm. of oil from each wrapper, leaving 0.0211 gm. of the above toss to 
be accounted for by passage to the apples, to the box, and to other objects. 

In order to obtain further evidence in regard to the action of the 01 , 
apples were wrapped in one or more unoiled wrappers and oiled wrapfKis 
applied outside of these. The fruit was thus largely protected from m 
oil, yet kept in close proximity to it. The resulting scald control is shown 

in Table IV. , , , *t,,t 

The average degree of scald reported in Table IV for the apples 
were unwrapped or in unoiled wrappers is 39 per cent, and the ^verag 
for the apples in oiled wrappers 2.7 per cent, while the average wne 
one unoiled wrapper was used inside of an oiled one is 4.9 per cent, 




The fresh oiled wrappers averaged 0.3574 gm. of oil per wrapper 
those that had been used outside of one unoiled wrapper averaged 
'^539 gm. per wrapper, making an average loss during storage of 0.1035 
B per wrapper. Of this loss, 0.0678 gm . passed over to the unoiled 
'Uppers, and if the movement to the liners was approximately as great 
^ where single wrappers were used the remaining 0.0357 gm. is fully 
Counted for in loss to the liners. In the experiments where two 
Boiled wrappers were used inside the oiled one the fresh oiled 
•dippers had 0.4097 gm. of oil per wrapper, the used ones 0.3062 gm, 
Blithe unoiled ones after use a total of 0.0836 gm., leaving but 0.0199 
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loss from each set of wrappers. This loss can be fully accountet 
for, as explained above, in passage of oil to the liners. There was a 
indication of oil on the apples, and if any passed over to them in eitht 
set of experiments it must have been the merest trace. 

TabiB V . — Dosage of oil in the various wrappers before and after use in exberim^ 
reported in Table IV 



‘lake erf oiled wrapper. 

Gm. of oil 

Two unoiled wrappers inside orf an 
oiled wrapper. Gm. of oil per 
wrapper after use. 

One anoiled wrappci 

inside of an oiled one 

Gm. of oil per wrap 
per alter use. 


wrapper. 

Oiled 

wrapper. 

Unoiled 
wr^iper 
next to 
oiled one. 

Uuoiled 
wrapper 
next to 
apple. 

Oiled 

wrapper, 

Unciled 

^Tapper, 



0.4097 

.4481 

■ 3^91 

.2528 

0.3062 

0.0608 

0.0228 

0.3181 

.2860 

0.065 

12. 

13d 






.2441 

.1673 

.035 

.062 


Average results. , . . 

■3574 




•2539 

.o«; 


EFFBCT OP OILPn WRAPPERS ON UNWRAPPED FRUIT OF THE SAME PACKAG 

In a number of experiments only a part of the apples of the packag 
were in oiled wrappers, the others being held either unwrapped or i 
unoiled wrappers. Table VI shows the scald control secured imdt 
these conditions. The eastern apples were packed in barrels with pai 
of the apples unwrapped and the northwestern ones in boxes with par 
of the apples in oiled wrappers and part in unoiled ones. 

Table VI —Partial control of scald on apples that were unwrapped or in unoiled wmpft 
but packed with apples that were in oiled wrappers 

I PcTccntaEC of scald. 


lu pa^Kes wilb part of the 
apples in oiled wrappeia. 


Variety, locality, and Ibe date of taking notes. 

1 

[nimdiage 1 
^ta no ' 
oU. 1 

Apples two 
or more 1 
layeis dis- ^ 
1 tant from 
oiled 

1 wrappers. 

Apples 
adjacent 
to oiled 
wrappers. 

Apples ii 
oiled 
wrappers 

E<\STKRN .\PPLBS. 




i 

Grimes Golden: 


! 



Jan. 20, 1919 

38 . 

20 

12 


Jan 13, 1920 

70 j 

52 

31 



55 


15 

* 


! 46 

0 


i ’ 



NORtHWneSTERN APPLES. 

1 i 

1 ' 




Grimes Golden, Jan. 17, 192.} 

3 » 

1 18 

4 

1 

Stayman Winesap, Mar. 19, 1923 

tl 

13 

2 

______ 

Aver^ 

47 

29.8 ' 

10.8 

0. 





— 
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The data reported in Table VI indicate that when part of the apples 
a package are in oiled wrappers and part unwrapped or in unoiled 
wrappers, tiie oiled wrappers cause a very definite decrease in scald on 
the adjacent apples and have a favorable effect on the ones that are 
several layers away. 

OIL WITHOUT THE WRAPPER 

Experiments were made in which oiled blotter material was cut into 
narrow strips and scattered through the barrel of apples. Seven large 
iilotter sheets carrying approximately 700 gm. of oil were used in each 
barrel. A description of the different oils has already been given in 
fotmection with the wrappers having the corresponding numbers. The 
results of the experiments are reported in Table VII. 

Tabi.K VII. — Ej^ect tyf oiled hloller strips on apple scald 


I’cTcenUgc of scaW. 


Variciy of apple Rud (late (if Dole lakin;T. In bamls Tvith oiled blotter strips. 

In barrels ! ' 

with no oil. ‘ 

Chi No. Oil No. 2. Oil No. j. 


Grimes Golden, Dec. 31, 1919 
York Imperial: 

Jan. 15, 1920 

Jan. 17, 1920 

.Irkansas, Jan. 10, 1920 


O4 2(1 2I5 j 21 



The fruit packed with the oiled blotter material scattered through the 
band averaged about one-third as much scald as tliat packed in the usual 
manner. \^ile the results are not particularly satisfactory from the 
commercial standpoint, they show that scald can lie reduced without in- 
closing the apples in WTappers. 

Experiments were also made in which barrels were soaked in oil and 
others in which barrels were lined with oiled blotter sheets. In both 
cases the scald was reduced 011 tlie fruit nearest tlie oil but the. results in 
general were even less satisfactory than those reported in Table VII for 
tlie oiled blotter strips. 

A large number of exiaeriinents rvere made in the application of oil and 
wax directly to the skin of the apple. The material was rubbed on witli a 
piece of cloth at the time the apples were packed. A description of the 
different oils has already been given in connection with the wTappers hav- 
ing the corresponding numbers. The heavily oiled apples received a{> 
proximately 0.06 gm. of oil to the apple, the medium oiled ones approxi- 
mately 0.03 gm. and the lightly oiled ones 0.017 gm. The Bi wax was 
composed of 75 parts by weight of mineral oil and 25 parts Ix'eswax, 
the B2 of 50 parts mineral oil and 50 parts beeswax, and the B3 of 25 pans 
mineral oil and 75 parts beeswax. These waxes were applied at the rate 
“l upproximately 0.04 gm. to the apple. The P wax wa.s composed of 
mineral oil and hard paraffin in equal parts by weight, and the treated 
fruit received approximately 0.035 gm. per apple. The V wax was com- 
ptsed of mineral oil and vaseline in equal parts by weight, and it rvas 
applied at the rate of approximately 0.03 gm, per apple. The B Pi wax 
71688-24 2 
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:ij3S composed of 40 parts by weight of mineral oil, 5 parts beeswax, and 
.3 parts paraffin. The BP2 wax was composed of 40 parts of mineral oil, 
10 parts beeswax, and 50 parts paraffin. The BP3 wax was composed of 
29 parts mineral oil, 10 parts beeswax, and 61 parts paraffin. Approxi- 
mately 0.018 gm. of ^e beeswax-paraffin-oil mixtures was applied to 
each apple. The relatively low dosage in this case was due to the fact that 
(jjese waxes were comparatively firm and did not stick to the fruit in as 
Ijeavy layers as the other waxes. The results of the various oil and wax 
experiments are reported in Table VIII. 

In most cases the apples that were treated with oil had a less attractive 
appearance upon removal from storage than the untreated ones. The 
natural bloom of the fruit was lacking, and the apples that had received 
heavy or medium applications of oil, and many of them that had received 
light ones, still had an oily appearance. The apples that received the 
heeswax-oil, paraffin-oil, or vaseline-oil mixtures were usually slightly 
sticky or greasy, but those that received the beeswax-paraffin-oil com- 
binations had little that was objectionable in feel or appearance. 

Many of the lots treated with oil and a few of those treated with bees- 
(vax-oil mixtures had a higher percentage of blue mold rot than the 
jntreated fruit. 

Most of the apples that were treated with either oil or wax were much 
greener and firmer than the untreated fruit and were often lacking in 
iavor and quality. The condition of the fruit was much like that 
described in an earlier publication ’ as resulting from short periods of 
storage in carbon dioxide. The fruit that received heavy or medium 
applications of oil was affected most, that which received light applica- 
tions of oil or was treated with beeswax-oil, paraffin-oil, or vaselin-oil mix- 
tures was less affected, while that which was treated with the beeswax- 
paraffin-oil mixtures was entirely normal in color, firmness, and taste. 

.t study of Table VIII shows that all of the oils and most of the waxes 
decreased the development of scald but that they fell far short of the 
oiled mappers in efficiency. If an average is taken of the comparable 
tests, it gives 14.7 per cent of scald on the lightly oiled apples, 9. i per cent 
on the heavily oiled ones, 40.5 per cent on the untreated fruit, and 0.5 
Pff cent on the apples in mineral-oil wrappers. The beeswax-oil, paraffin- 
oil, aqd vaseline-oil mixtures gave approximately as good results as the 
heavy applications of oil, but the beeswax- paraffin-oil mixtures had 
little or no value in scald control. As already noted, the beeswax-paraf- 
fin-cil mixtures not only had a low oil content but also were applied to 
the apples in much smaller quantities than the other materials. The 
poor scald control secured with these mixtures and the contrasts in con- 
ttol with the heavy and light applications of oil indicate a correlation 
between quantity of oil applied and degree of efficiency in scald control. 

NATURE OF SCALD CONTROL 

Investigations in regard to the general nature of apple scald were 
reported in an earlier publication.’ It was established by experimental 
®ta that in so far as the usual storage conditions were concerned scald 
Was the result of tight packages and tight storing and that the disease 
“uld be prevented by free air movement over the apples. It was shown 
n>at while tight storage naturally resulted in a decrease in the oxygen 

Charles, Cooley J. S., and Fisbbk, D. F. op. cn. 
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and an increase in the carbon dioxid present in the storage air, these 
conditions were not responsible for the development of scald and, in fact 
that increases in the carbon-dioxid content of the air actually tended 
to hold the disease in check. Experiments on humidity indicated that 
the benefits from air currents probably could not be attributed to their 
drying effect. Withered apples usually scalded less than crisp ones but 
apparently because of the aeration that accompanied the drying rather 
than from the drying itself. Apples stored in the air that was saturated 
with moisture but constantly stirred did not develop scald while similar 
apples in dry, stagnant air became badly scalded. The negative results 
along the above lines finally led to testing the effects of the odorous 
products of the apple. It was found that typical scald conditions could 
ire produced by exposing the apples to odorous substances simibr to 
those given off by the apples and that various odor-absorbing materials 
such as fats and oils could be used as scald preventives. These facts 
gave the foundation for the development of die oiled wrapjier. 

The data of the present paper furnish additional evidence in regard 
to the factors involved in scald control. That the question of humidity 
is secondary' or negligible is indicated by the fact that the tin foil and 
glassine wrappers (see Table 1) had little or no effect upon scald, by 
the fact that the paraffin wrappers had less than half the efficiency of 
the mineral oil wrappers, and also by the fact that the oiled and waxed 
apples although still oily and sticky at the time of removal from storage 
were not protected from scald to anything like the degree that prevailed 
with tire apples held in oiled wrappers. In these various tests there was 
apparently no correlation between moisture control and scald control. 

It was stated above that increases in the carbon-dioxid content of 
tlte storage air resulted in a decrease in apple scald. The oiled wTappers 
and the direct oil and wax treatments tend to restrict the free air move- 
ment between the apple tissues and the outside air and would favor 
the accumulation of the carbon-dioxid of respiration in the air within 
and immediately surrounding the apple. 1 1 would therefore seem possible 
that their value in scald control might be due to this restriction of gas- 
eous exchange. This can not be true, however, in so far as lire direct 
physical protection of the oiled wrapper is concerned, for if this were 
the case the glassine wrapper, which is made of practically air-tight 
paper, should give better scald control than the oiled wrapper, the 
paraffin wrapper should give practically as good control, and double 
and triple wrapped apples should have greater freedom from scald than 
single wrapped ones, all of which conditions are contrary to tire facts. 
If the oiled wrapper is of value on account of physical barriers set up, 
it must be through the coating ol oil it deposits on the apple. 

With the oil and wax treatments of the apple and with the film of oil 
that passes over from the wrapper to the apple tliere i^ the iiossibilit) 
both of restriction in gaseous exchange and of more direct physiological 
effects upon the skin of the apple. That a definite physiological effect 
is produced is evidenced by the fact that tlie development of yello"' 
in the ground color of the apple is delayed by both methods of treatmei'i 
and approximately in proportion to the amount of oil that is deposited 
on the apple. It would seem probable that any agency that had a dieclt- 
ing or inhibiting effect upon the skin of the apple might at the same 
time be responsible for a reduction in scald, but it does not seem possm e 
to fully explain the scald control secured with the oiled wrapper o" e s 
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basis. The sc^d control secured with the direct applications has been 
approximately in proportion to the amount of oil used and in proportion 
to the inhibition of coloring, but the scald control secured with the oiled 
wrapper has been entirly out of proportion to the amount of oil deposited 
on the apples pd out of proportion to the inhibition of color develop- 
ment in the skin. The direct application of 0.017 gm. of oil per apple 
has reduced scald from 40.5 per cent to 14.7 per cent (see Table VIII and 
discussion), and the direct application 0.06 gm. per apple has reduced 
the disease to 9.1 per cent; while the use of oiled rvrappers with a deposit 
of less than 0.02 ti gm. of oil per apple (see Table III and discussion) 
has reduced scald to 0.5 per cent. The results of the various investiga- 
tions on scald have shown that the elimination of the last 10 or T5 per 
cent of the disease is far more difficult than similar reductions from higher 
percentages ; and it seems impossible to explain the extreme efficiency of 
the oiled wrapper on the basis of the small deposit of oil on the apple. 
The evidence at hand seems to justify the conclusion that the irffiibition 
of coloring in lire skin of the apple is due to the oil actually deposited 
on it, but that the scald control is determined by the total oil lying in 
close proximity to the apple but not necessarily deposited on it. 

This theory of scald control receives further support from the fact 
that the disease has been greatly reduced on apples that were unwrapped 
or in unoiled wrappers, but adjacent to apples in oiled wrappers, and 
slightly reduced on similar apples that were two or more layers distant 
from the oiled wTappers (Table VI), and also by the fact that apples 
with an unoiled wrapper inside the oiled one and uith apparently no 
deposit of oil on the apples have had but little more scald than those 
with the oiled wapper in direct contact witli the skin of the apple. 

CRITICAL PERIODS IN THE DnvEI.OP.ME NT Ol' .SCALD 

The oiled vttapper has furnished a convenient means of determining 
the period in the storage season in which the different varieties of appler 
need the greatest protection against scald. Table IX shows the results 
obtained by applying the oiled wrappers at different times; in some 
cases at picking time and in others several weeks after the apples had 
been placed in storage. 

The results show that it is not essential to scald control that the 
wrappers applied at picking time should remain on the fruit throughout 
the storage season. In one experiment Rome ISeauty apples remained 
free from scald when the oiled wrappers were removed at the end of 
4 'veeks of storage, and in another they scalded when they were removeii 
it the end of 5 weeks but not when removed at the end of 10 weekn. 
Stayman Winesap scalded when the oiled wrappers were removed at the 
end of 6 weeks, but remained free from scald when removed at the 
end of 9 weeks. Winesap remained free from scald when the wrappers 
'were removed at the end of 8 weeks, while Grimes Golden scalded badly 
when the wrappers were removed at the end of 9 weeks. 

Oiled wrappers applied during the first month of storage gave as com- 
plete scald control on all varieties as those applied at picking time; 
Ihose applied at the end of 8 weeks gave only partial control on Arkansas, 
'fork Imperial, and Stayman Winesap, while those applied at the end 
of 12 weeks of storage gave complete control on Rome Beauty and 
Winesap. 
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TabiS 1 \.— Critical periods in ike development of apple scald as shown by the mult 
from oiled wrappers applied at different times in the storage season ’ 


DescriiiCioii ol apples and wrappers. 


Wrappers applied. 


Grimes Golden, Rockville, Md.; picked Sept- 3, 1920; 
notes taken Jan. 8, 1921 : 

Unoiled wrappers 

Mineral oil wrapper No. 3 

Do 

Do 

Do 

Grimes Golden, Wenatchee. Wash.; picked Sept. 20, 
1920; notes taken Feb. 12, 1921: 

Unoiled wrapper 

Mineral oil wrapper No. 3a 

From unoiled wrapper applied at picking time to 

No. 3a 

Do 

Do 

Grimes Golden, Wenatchee, W’ash.; picked Sept. 19, 
1931; notes taken Mar. i, 1922: 

Unoiled wrapper .* 

Mineral oil wrapper No. 4b 

From unoiled wTappcr applied at picking time to 

No. 4b 

Do 

Do 

[•'rom mineral oil wrapper No. 4b applied at picking 

time to unoiled wrappers 

Do 

Do 

York Imperial, Arlington. Va,; picked Sept. 27, 1920; 
notes taken Apr. 3, 1921: 

Unoiled wrapper 

Mineral oil wrapper No. 3 

Do 

Do 

Arkansas (Mammoth Black Twig), Winchester, Va.; 
picked Oct. iS, 1920; notes taken Jan. 24, 1921: 

Unwrapped 

Mineral oil wrapper No. 3 

Do 

Do... 

Mineral oil wrapper No. 3a 

Do 

Rome Beauty, Wenatchee, Wash. ; picked Oct. 20, 1920: 
notes taken May 18, 1921 : 

Unoiled wrapper 

Mineral oil wrapper No. 3a 

From unoiled wrapper applied at picking time to 

No. 3a 

Do 

Do 

Do 

From mineral oil wrapper No. 3a applied at picking 

time to unoiled wrapper 

Do 

Do 

Do 

Rome Beauty, Wenatchee, Wash . , picked Oct. 27 ,1921; 
notes taken Apr. 22, 1922: 

Unoiled wrapper 

Mineral ml wrapper No. 4a 


At picking time . . 

do 

Nov. 3, 1920 

Nov. 23, 1920, . . . 
Dec. 10, 1920. . . . 


j At picking time . .! 

i do ! 


Oct. 27, 1920 1 

Nov. It, 1920. . ..i 
Nov. 26, 1920. . . .! 


. At picking time. 

,j do 

I Oct. 3, 1921 

' Oct. 21, 1921 

,| Nov. 21, 1921, .. 

I Oct. 3, 1921 

j Oct. 21, 1921 . . , 
j Nov. 21, 1921 . . . 


. ; At picking time . J 

,! do j 

I Nov. 3, 1920 ■ 

I Nov. 23, 1920. . . .1 


• i Nov. II, 1920. . . j 

Dec. 15, 1920. . I 
: Dec. 28, 1920. . . I 
j Nov. II, 1920. . . 1 

* Dec. 15, 1920. . . •• 


: At picking time . . 

! do 


{ Nov. 20, 1920. . . 

! Dec. 20, 1920 .... 

Jan. 21, 1921 . . . • 
i-Feb. 25, 1921 . . • 

I 

I Nov. 20, 1920. . - 
} Dec. 20, 1920. . - 

! J^. 21, 1921 

! Feb. 25, 1921 . . ■ • 


i At picking time. . I 

J do I 


Degree ol 
Scald 
maiiiftst 

after 

storage 


Per ml. 
66 
0 
0 
2 


0 

5 

0 


31 

0 

0 

0 

0 

i; 

24 


3 ^ 

0 


42 

2 

22 

33 

3 


3 ° 

0 

0 

0 

0 

II 

0 

0 

0 

0 


22 

0 
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TabiE IX.^Critical periods in Ike development of apple scald as shown by results 
* ynw oiled wrappers applied at different times in storage A«won— Continued 


Description of appks and wrappers. ' Wrappers applied. 


Rome Beauty, Wenatchee, Wash., etc.— Continued. 

Unoiled Avrapper applied at picking time and re- ; 

moved and replaced ^ Dec. i, 1921 . . . . 

Do ; Jnn. 2, 1922. . . . 

From unoiled wrapper applied at picking time to 

No. 4a ; Dec. i, 1921. . . . 

Do J”' ' 9 ^* ■ • ■ 

From mineral oil wrapper No. 4a applied at picking 

time to unoiled Avrapper ; Dec. i, 1921 ... . 

Do , Jan. 2, 1922. . . . 

Stayman Winesap, Wenatchee, Wash.; picked Oct. 9, 

1020; notes taken May 23, 1921: 

Unoiled wrapper 'At picking time. 

Mineral oil wrapper No. 3a — do 

From unoiled AATapper applied at picking time to 

No. 3a Nov. 20, 1920 . . 

Do ; Dec. 8, 1920. . . 

Do ^ Jan. 10, 1921. . . . 

Do ^ 5 ' ‘ 921 . . . 

From mineral oil wrapper No. 3a applied at picking 

time to unoiled wrapper ' Nov. 20, 1920. . 

Do Dec. 8, 1920. . . 

Bo. . Jan. 10, 1921. . 

Do , 25, 1921 . . 

S'inesap, Wenatchee, Wash.; picked Oct. 25, 1920; , 

notes taken June 20, 1921: j 

Unoiled Avrapper ! 

Mineral oil Avrapper No. 3a. — i 

From unoiled ivrapper applied at picking time to ! 

No. 3a Dec. 20, 1920. 

Do Jan. 21, 1921.. 

Do Feb. 25, 1921. 

Do Apr. 4, 1921. .. 

From mineral oil Avrapper No. 3a applied at picking 

time to unoiled ivrapper Dec. 20, 1920 . 

Do Jan. 2t, 1921,. 

Do I Feb. 25, 1921. 

Do Apr. 4, 1921... 


At picking time 
. . . .do 


Degree of 
scald 
maoifest 
after 
storage. 


Per c£nl. 

24 

IS 


All of the repacking Avas done in the cold storage rooms and it was not 
believed that the apples received enough aeration during the exchange 
of wrappers to materially influence the development of scald, but this 
point was definitely tested witli one lot of Rome Beauty. The unoiled 
'trappers Avere removed and the apples repacked in the same AA^ap^rs 
'fithout securing scald control, while similar apples repacked in oiled 
"Tappers were free from scald at the end of the storage period. 

The results of the experiments reported in Table IX have a practica^. 
'alue in showing that where apples are stored in orchard boxes and 
packed out later, the oUed wrappers can still be used to advanta^ in 
*ald control They are of general pathological interest because of the 
'ight they throw on the cumulative nature of a physiolo^eal disease 
®il they are in agreement with the experiments on aeration reported 
'9 earlier publications in showing that the development of scald can be 
divided into several fairly distinct penods or stages. 

The first period in the development of apple scald begms with fte 
picking of the fruit and, with the more susceptible varieties, ends with 
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the sixth or eighth week of storage. During this time the scald-produciao 
agencies are apparently most active, yet up to the end of the period it fs 
possible to largely or entirely overcome any accumulated tendencies to 
the disease by wrapping the apples in oiled paper or by airing them out 
in a warm room. The second stage in the development of the disease 
extends over a 5 to 8 week period following the first. Preventive meas- 
ures have now become of little or no avail. The apples are doomed to 
scald if given sufficient time, yet if removed from storage before the end 
of the period they do not show scald even upon warming. The third 
stage or period covers the remainder of the time the apples are in storage. 
They have now become latently or potentially scalded . Certain skin cells 
are practically dead, yet svill remain green and appear practically normal 
if not exposed to warm air. The fourth stage includes the life of the 
scalded apples after removal from storage. The affected skin turns 
bro\vn and completes its death processes. 

SUMMARY 

The results arc reported on 67 different apple storage experiments 
carried out under commercial storage conditions. 

Apples packed in the usual unoiled wrappers have had practically the 
same degree of scald as those that were unwrapped. 

Paraffin wrappers have caused considerable reduction in the prevalence 
of scald, but have proved far inferior to oiled wrappers. 

In 63 of the 67 tests the oiled wrappers have either entirely prevented 
the development of scald or reduced it to a degree that made it negli- 
gible from the commercial standpoint. The apples in oiled wrappers 
have shown but little if any delay in coloring and have been entirely 
normal in taste and appearance. , n- . 

Wrappers carrying less than 15 per cent of oil have been less cfTicieiu 
in scald control than those carrying 15 per cent (about o.ScS gm. i)er 
wrapper) or more of oil. 

Seven different mineral oils have been tested in the oiled rvrappers and 
all have been efficient in scald control. 

Oiled blotter material scattered through the barrel package has re- 
duced scald to about one-third the amount found in the untreated barre^ 
Oils and mixtures of oils and waxes applied to the skin of the api*; 
have given rather erratic results in scald control, Ae efficiency <' 
the treatment usually varying with the amount of oil applied. Tlit* 
apples have usually had a greasy appearance and an abnormal greenness, 
sometimes accompanied by a lack of flavor and a general condition 0 
the fruit similar to that resulting from storage in high percentages 0 
carbon dioxid. , ., ■ 

Various oil determinations are reported, giving the amount oi 011 u 
the fresh wrappers and in the us^ ones, the amount taken up > 
box liners; and the amount taken up by unoiled wrappers applied 
the apples inside the oiled ones. 

The conclusion is drawn that the checking of th 
to yellow in the skin of the apple is due to the oil 

the apple, and that the extent of the scald control „ , 

by the amount of oil in close proximity to the skin of the apple bu 
necessarily deposited on it. u 

Four stages, or periods, are recognized in the development oi 
each bearing a different relation to remedial measures. 


le clianges from green 
actually deposited on 
is larvelv determiDeo 



influence of temperature and initial weight 

OF SEEDS UPON THE GROWTH-RATE OF PHASEOLUS 
vulgaris seedlings ■ 

By WttLEM Rudolfs- 

Biochemisl, New Jersey A gricuUural Experiment Station 
INTRODUCTION 

In the recent extensive publications upon quantitative aspects of 
jtowtli of plants, the present state of this work is adequately sitnimarized. 
i'hE study reported in this paper was conducted in an attempt to discover, 
irst, the direct influence of temperature upon the groudh curves of plants 
vhen as many environmental factors as iwssible were controlled, and, 
£cond, to determine the influence of initial weight of seeds upon the 
ate of growth of the plants under such conditions. 

EXPERLMENTAI, RESULTS 

A large number of seeds of Phaseolus vatgaris (beaus) were selected 
iccording to their initial weights. Those designated as '‘small seeds'' 
veighed (air dry) from 6.92 to 7.23 gra. per 50 seeds, and those desig- 
lated as “large seeds” weighed from 13.52 to 14.41 gra. per 50 seeds, 
fk seeds were placed on top of greenhouse soil kept at a moisture con- 
sat of Go per cent of the water-holding capacity. As soon as the seeds 
lerminated they were covered with a thin layer of soil and placed in 
lark incubators, subject to accurate humidity control (60 per cent 
elative humidity) , and kept at definite temperatures of 5°, 10°, 15°, and 
!0° C. The elongation of the shoots and of each internode was meas- 
ired daily in millimeters at approximately the same hour, care being 
aken to start each time with the same individuals. Measurements were 
aken until the seedlings collapsed or the jflants stopped growing. The 
neatest height reached by any group of seedlings was nearly 28 cm. 
20° C.), while the group of seedlings grown at 5° C. attained a height of 
283 than 2 cm. The average readings of from 20 to 50 individuals were 
itted to Robertson’s * autocatalytic formula: 

log.-Z- - A (t-IJ. 

0 this equation a is the final size of the organism; .v is the size of the 
tganism at time /; and I, is the time at which the organism has reached 

'ilf its final size, or when x—^: and K is a constant. Robertson’s' 
2 

ibles for the computation of curves of autocatalysis were used to check 
be calculations. 


Ac«pted for publication November i, 1913. This is paper No. 145 of llie Joimiai Merits, New Jersey 
j'^Rural Experiment Station, Department of S<»I Chemistry and Bacteriology, 
ine writer is bdebted to Earl S. Harris, lortnerly junior diemist, New Jersey Agricultural Experiment 
lor the help rendered m t^culating the results herein reported. 

ROBbrtson, T. Brailsford. tablbs for ThB coMRUTAtiOH or curves of autocatalysis, with esph- 
'^Referbnce to curvbs of growth. In Univ. CaJM. Pub. Physiol., v. 4, p. 211-2*8. 1915. 
Robertson, T. Brailsford. furtbbr remarks on the normal rate of growth or .an indivtoual. 
IIS BIOCHEMICAL siGSinCANCB. /n Arch. Entwiclclungsmech. Organ., Bd. 26, p. ioS-118. rgoS. 
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Figure i shows the observed values, together with the calculated curve 
for the shoots of large-sized beans (13.71 gm, per 50 seeds) grown at a 
constant temperature of 15“ C. It can be seen that the agreement 
between observed and calculated values is good except for the first fe,j 
points. The agreements between the observed and calculated values for 
the other sets of curves were as good as in the above example. In order 
to avoid the printing of tables, the individual figures observed are placed 
on file for examination in the office of the New Jersey Agricultural 
Experiment Station at New Brunswick, N. J. 

The fitted curves for the data secured for the different sizes of seeds 
and at different temperatures are presented in figure 2. The total 
averages for the seeds of different sizes grown at 5° and at 10° C. are 
given in two curves, while the data obtained from small and from large 
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Fig. I. — Growth-rate of shoots of Phaset^us vi^Qaris k^t at constant temperature of J5* C. The cur\e 
represents the fitted maph and circles represent the observed lengths. 


seeds grown at 15° and at 20° arc calculated separately and presented 
in different curves. 

It is apparent that almost no growth occurred at 5° C. The average 
growth at all sizes of seeds grown at 10° C. is about the same as the groivtti 
produced by small seeds grown at 15° C. The curves for plants grotvs 
at 15° and at 20° C. show strikingly that the advantage is in favor of 
the plants grown from the heavier seeds as compared with those from 
the lighter seeds. This advantage is not only maintained throughout 
the growth period but is also augmented as time progresses. It nui^t 
be kept in mind that the plants were grown in darkness and stopped 
growing as soon as the reserve material in the seeds was used up. The 
decrease in food material caused the plants to grow more and more 
slowly, hence the flattening of the curves. 

These results show that, photosynthesis aside, the large store of food 
in the larger seeds probably makes it possible for the plant to which they 
gave rise to obtain a relatively better start. 

The influence of temperature upon the growth curves is very pf®' 
nounced, especially in the case of large seeds. This phenomenon inigh^ 
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expected, since the initial amount of reserve material seems to deter- 
jiue the total growth product, while the temperature acts as an accel- 
■rating factor. In order to illustrate the relation between seed-weight, 
teiBPerature, and growth-rate, we may consider the time required to ob- 
tain a growth of 140 mm. for the large and for the small seeds, respectively : 

10“ C., large and small seeds require 9.8 days; at 15°, large seeds, 7.8 
jays; small seeds, 8.8 days; at 20“, large seeds 3.1 days; small seeds, 8.5 
Jays. It can be seen that in the case of large seeds a normal temperature 
coefficient exists, while in the case of small seeds the temperature coeffi- 



cient is abnormally small. This would seem to suggest that the amount 
of food stored in the seeds is of major importance for early growth. 


SL'MMARY 

Bean seeds of different sizes (weights) wctc selected and grown in dark- 
less in greenhouse soil with 60 per cent of its water-holding capacity, con- 
stant relative air humidity (60 per cent), and at constant temperatures 
of 5°, 10°, 15°, and 20° C., until the seailings stopped growing or col- 
lapsed. Robertson's equation, considering growtli as an autocatalytic 
cliemical reaction, was applied. , - , . 

Under these uniform conditions plants of seeds of a heavier weight show 
^ decided advantage over plantlets from seeds of light initial weight. 

Temperature acting as an accelerating factor increases the adcantage 
of plants grown from seeds with a greater initial weight. 



some factors which influence the feathering 

OF CREAM IN COFFEE* 


By L. H. ni:RCWM.u 

laiVtonf Market Milk Sfeciolist, Dairy Division. Bureau of Animal hiiustry, United 
States Department of Agriculture^ 

Pt,AN OF RXPKRIMFNTS 

Feathering is the flaking or curdling of cream in coffee. This is some- 
times troublesome to milk dealers because customers assume that it 
indicates sourness; and because, although sweet cream when it feathers 
does not produce a sour taste in the coffee, yet it gives an unpleasing 
appearance. It is known that sour cream will feather when added to 
tot coffee, but at times cream that is sweet to the taste will do likewise, 
from this it may be concluded that tliere must be factors other than 
kigh acidity which affect or influence fcadiering. With this in mind 
a number of factors were studied as follows: 

.Icidity of coffee made by different methods— Ixiiled, percolated, drip. 

Use of coffees of different grades— high, medium, low. 

Metliod of mixing cream and coffee — 

(o) Adding cream to coffee without sugar. 

(6) Adding cream to coffee and sugar. 

(c) Adding coffee to cream without sugar. 

(d) Adding coffee to cream and sugar. 

.\ge of cream. 

Kind of cream— percentage of butterfat, and whether raw, pasteurized, 
licmogenized, or frozen, 

The acidity of the cream was the basic factor for determining the 
effect which these various other factors had on the feathering of the 
cream. The acidity was determined as lactic acid by titrating with 
.V/cu NiaOH, using phenolphthalein as an indicator. The conclusions are 
based on results obtained from a total of about 900 different tests, 

.XCIUITY OF COFFIii: 

lliree different methods of making coffee were tried- -boiling, perco- 
htiag, and dripping. 

floi/cd.— The coffee was medium ground. ,so grams to 500 cc. of 
ffistilled water, boiled for five minutes, filtered, cix'led, and made up to 

500 (V. 

Pcrcola/fJ. - The coffee wa.s medium ground, jo grams to 500 cc. 
fetilled water, percolated for five minutes, filtered, cooled, and made up 

500 cc. 

French drip. — Pulverized coffee, 30 grams to 300 cc. of boiling dis- 
tilled water poured through the coffee once, filtered, cooled, and made 
"P to 500 cc. 

for publication N'uv. 19, 19^3. 

is due Geo. B. Taylor, former market milk specialist \vitS\ this divisnui. l«*r urtliniLiiary work 
experiments. 
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The acidity of the coffees ttJide by these various methods, using bron- 
thymol blue as indicator, is shown in the following table: 

Table I . — Acidity of coffee made by various methods 


Method. 

N/ioNaOH re. 
Quired to neu- 
tralize iflo cx. 
of coffee. 

Hydrogeifcioj 

concentration, 


Cc. 

‘‘a 


II. 5 



12. 0 





There was practically no difference in the acidity of the coffee made 
by these methods. Because of this fact it was considered unnecessaiy 
to run cream tests on coffee made by all three methods. The French 
drip method was selected for all the experiments. Fifty grams of 
pulverized coffee were used to i,ooo cc. of water. 

GRADE OF COFFEE 

Three different grades of coffee of known quality — ^high, medium, and 
low — were obtained through the New York office of the Bureau of Chem- 
istry. These three grades and a special brand of coffee purchased on the 
market were used in experiments on the effect of different grades of cof- 
fee on feathering. 

The titratable acidity of the different grades, using brom-thymol blue 
as indicator, was practically the same for all and was as follows : 

Table U.— Acidity of coffee of different grades 


High 

Medium. . . . 

Low 

Special brand 


There was no noticeable difference in the effect of these various grades 
of coffee on the feathering of the cream, as shown in a total of 120 tc^s 
run on each coffee, in which the following grades of cream were used 
Raw cream testing 20 per cent butterfat, pasteurized cream testing 20 pei 
cent, pasteurized and homogenized cream testing 20 per cent, and ran 
cream testing 35 per cent. 

method of mixing cream and coffee 

In the remaining experiments the special brand of coffee was used 
The average temperatiu'e of the coffee at the actual time of mixing 
cream with it was about 95° C. Each experiment consisted of— 


Grade. 


N/» NaOH 
required to 
neutralize ico 
ce. of coffee- 


a. 


12.0 

12.0 
12 5 
I2'5 



DtC.i5.t9« 
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(o) Adding cream to coffee without sugar 
(6) Adding cream to coffee and sugar. 

{c) Adding coffee to cream without sugar. 

(d) Adding coffee to cream and sugar. 

Cream alwa)^ feattered at a lower acidity in method (d)-when the 

coffee was added to the cream and sugar. (SeeTablesIIItoVIin Thk 

be attributed to the f^t that the sugar in dissolving used moisture 
from the cr^ and m so domg precipitated some of the casein present 
causing featjimng when the hot coffee was added. If the sugar was 
moistened mth a little water before adding the cream, or the sugar was 
added to the coff^ either before or after adding the cream, then the 
sugar had no ettect on the feathermg. 

In practically all the tests, method (c)-adding the coffee to the aeam 
jithout sugar— had the least effect on the feathering, i. e., the cream did 
lot feather at so low an acidity when the coffee was addrf to the cream 
ritliout sugar. Sugar may be added afterwards without affecting the 
eathenng. (See Tables III to VIII.) ® 

AGE OF CREAJU 

fte effect of age of aeam on feathering was determined by aging cream 
itlowtmperatures (1“ to 2“ C.) so as to keep acidity increase at a mini- 
num. Aging aeam for 7 to 10 days by this method had no effect on the 
eathenng. 

KIND OF CREAM 

The richness of the cream had very little effect on the feathering. The 
icoer crwms, L e., those containing a higher percentage of butterfat, 
lathered at a slightly lower acidity. This was undoubtedly due to the 
act that the acidity in the richer aeams was more nearly true acid than 
1 the c^e of the less rich aeams, containing more solids not fat, which 
'orid affwt the titratable acidity. (See Tables III and IV.) 

The acidity of all the cream was determined by titrating 10 cc. of 
le cream with N/20 NaOH, using phenolphthalein as indicator. 
Fasteunzing had but slight effect on the feathering. Comparative 
s sof raw and pasteurized creams showed that the pasteurized aeams 
? V ® slightly lower acidity than the same cream not pasteurized. 
i«TablesIII, V, andVI.) 

Homogenizing greatiy affects the feathering of cream. Homogenized 
earn t^thaed at a decidedly lower acidity than any that was not 
^aogenized. Thae were considerable variations in the percentage of 
™ty at which the homogenized aeam feathered, due undoubtedly to 
purchased from different dealers, who 
^ ably wae using different homogenizing pressures. No information 
Mceming the pressures used was obtained. (See Table VII.) Com- 
siirp f ^ using diffaent pressures, showed that the higher the pres- 
nre at which the aeam was homogenized, the Iowa the acidity at which 
“feathered. (See Table VIII.) 

nil, aeam had apparently no effect on the feathering; a heavy 

y layer would form on the coffee, however. 


RESULTS OF EXPERIMENTS 

In Tables III to VIII, showing the results of the experimental work, 
j methods of mixing the cream and coffee are described as follows; 
'Presents adding aeam to coffee without sugar; 6 represents adding 
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cream to coffee and sugar; c represents adding coffee to cream without 
sugar; d represents adding coffee to cream and sugar. 


Tabi.B lll.—ftmi/ij of composite tests <4 r™ cream testing l8 and 20 per cent bultnat 


Acidity of creajn. 

Meliiod of nuxing cream and coffee. 

a 

1 

1 ! 

c 


0.225 cent. . . 

0. 29 per cent. . . . 
0.295 per cent. . . 
0.315 per cent. . . 

No feathering . . 

do 

Trace 

Feathering. . . . 

No feathering . . 

do 

Trace 

Featiacring. . . . 
do 

No feathering . . 

do 

do 

Trace 

Feathering .... 

sling JO and j; / 

Featheriiii; 

Do. 

Do. 

Do, 

Do. 

er cent bulkdat 

T.\bi.B IV.— Res 

ills of composite it 



sU of raw cream U 

Acidity of cream. 

Method of mixiue cream and coffee. 


b 

c 

d 

0.22 per cent. . 

1 No feathering . . 

No feathering . . 

No feathering. . 
do 

Featherins. 

Do. 

Do. 

0. 50 per cent. . . 

j Feadiering . . . . 

Feathering. . . j Trace 


T.^ai-E Results of composite tests of pasteurised cream testinq :o per cent Imtlerfii' 


1 

Acidity of cream. | 

1 

Method of mixins 

a b \ 

cTcam and coffte. 

■ '“■■'I 

I 

</ 

0.225 cent. . . 

No feathering. . .! No featlicring. .j 

No feathering...' 

i do 

Fcathcriiii'. 

Do. 

Do. 

0.295 per cent. . . 

j Feathering. . . .j Featfiering. . . . 


i 


T.adiE Vl.-d^omparative tests of fase and pasteurised cream testing Jo pci cent hiitkif 


Method ol mixinz cnam and coflee. 


Acidity d cream. | 

a 

b 

c 1 

tl 

Raw cream: 

0.23 per cent. ., 

No feathering. .. 

No feathering . . 

No feathering. - ‘ 
do 

I'catheriii!:- 
1 Dn. 

0.30 per cent. . 
Pasteurized 
cream: 

0.22 per cent. . 

Feathering .... 

1 No feathering... 

Feathering .... 

No feathering. 

Feathering. . . ■ 

No feathering... 
do 

1 Do. 

1 Do. 

i . Do. 

0.275 cent, 

1 Feathering 

! Hn 

Feathering 

Trace 

do 

Do. 

; Do. 




1 

i - 
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r all? VII — Composite tests of homogenized and pasteurized cream testing 20 per cent 
butterfat 


Acidity ol cr»m. 

Method c& mixing cream and coffee. 

a 

b 

c ' 

d 

3,125 Pe'' ■ ■ 

0,14 to 0.16 per 
cent. 

0.1SS to 0,185 
per cent. 

0.165 to 0.22 per 
cent. 

No feathering. . . 

No feathering. . . 

No feathering. . . 

Trace. 

Feathering. 

Do. 

Do. 

Feathering 

Feathering 

Trace 





T^blE VIII . — Effect of ho)Mgenizing pressure on feathering of raw cream testing jo 
per cent butterfat 


Acidity 0} cream. 


],cco pounds ! 
pressure*: I 

0,135 I 

cent. 

0,145 i 

cent. 1 
0.185 per I 
cat. 

:,oo3 pounds 
pressure; 

0,125 per 
cent. 

0.135 

cent. 

o.i;o per 
cent. 

icoo pounds 
pressure; 

0.135 per 
cent. 

0.145 

cent, 

0.175 per 
cent. 

'WO pounds 
pressure: 

0.135 per 
cent. 

0.145 per 
cent. 

0180 per 
cent. 


Method of mixing cream and coffee. 

a 

b 

■ c 

i 

d 

No feathering'*.. 

No feathering.. 

I No feathering... 

No feathering. 



1 

Do. 




Feathering. 




No feathering... 

No feathering. . 

' No feathering. . 

No feathering. 



' do 

Feathering. 

Feathering 

Feathering 

. Feathering 

Do. 

Trace 

No feathering. 

No feathering.. 

Do. 

do 

Trace 

do 

Do. 

Feathering 

Feathering 

' Feathering 

Do. 

Trace 

Trace 

: No feathering... 

Do. 

Feathering 

Feathering 

do 

Do. 



Feathering 

Do. 

1 

1 



Tiiece was no featheria.% up to o. 190 per ceut acid on a sample of tire same cream not homogenize.! . 

71688—24 3 
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SUMMARY 


In determining the effect of the various factors on the feathering of 
cream in coffee, the acidity of the cream was taken as the basic factor, 
because it was present in all cases. It was also the factor having the 
greatest influence on feathering. Cream having an acidity of three- 
tenths of I per cent tastes sour to most people and will almost invariably 
feather when added to hot coffee. 

The average temperature of the coffee at the time of mixing it with the 
cream was about 95° C. 

The acidity of the coffee made by different processes, namely, boiled, 
percolated, and dripped, was practically identical. The hydrogen-ion 
determinations were respectively as follows; Ph 4 92 . 4-9 1 and 4.92, 
This excluded the method of preparation as having any effect on feather- 
ing. 

The acidity of coffee made by the drip method from high, medium, and 
low grades of known quality, and from a special brand of unknown quality 
but supposedly high grade, was practically the same. There was no 
noticeable difference in the effect of the various grades of coffee on the 
feathering of the cream. 

Each experiment consisted of — 

(0) Adding cream to coffee without sugar. 

(b) Adding cream to coffee and sugar. 

(c) Adding coffee to cream without sugar. 

(d) Adding coffee to cream and sugar. 

Of these four factors, adding the coffee to the cream and sugar had the 
greatest effect on the feathering; in other words, the cream feathered at a 
much lower acidity in (d) than it did in either (0), (fc), or (c). .\dding 
the coffee to the cream without sugar, (c), had the least effect on the feath- 
ering, although the advantage as compared with (a) and (b) was very 
slight. 

Aging cream for from 7 to 10 days at a low temperature (i “ or 2’ C.) so 
as to keep acidity increase at a minimum, had no effect on the feathering. 

The richness of the cream had very little effect on the feathering, 
though the richer cream (higher in percentage of buttcrfat) feathered ala 
slightly lower acidity. This was undoubtedly due to the fact that the 
titratable acidity in the richer cream was more nearly true acid. 

Pasteurizing had but little effect on the feathering ; however, there waa a 
tendency for pasteurized cream to feather at a slightly lower acidity than 
the same cream not pasteurized. 

Homogenization greatly affected the feathering of cream, causing 1 
feather at a decidedly lower acidity than any of the creams not homog- 
enized. The greater the homogenizing pressure used, the lower the 
acidity at which the cream feathered. , 

Freezing the cream had no effect on feathering. A heavy, ou> > 
always appeared on the coffee, however, when cream that had oe 
frozen was added. 

The Tnain factors causing feathering of cream in coffee are^ n to 
acidity ; homogenization ; adding hot coffee to cream and sugar. Aci 
and homogenization are chiefly commercial problems. It is wei 
homogenize only cream of very low acidity if it is to be jjg 

and to keep the homogenizing pressure as low as possible. j, 

coffee to cream and sugar is a household and restaurant problem, 
well not to mix the cream and sugar before adding the hot cottee. 



biology of the false wireworm elbodes 
SUTURALIS- SAY* 


By J. S. Wads,’ Entomohgist, Cmal and Forage Insect Investigations, and R. A. 
St. George, Asnstant Entomologist, Forest Insect Investigations, Bureau of Ento- 
mlogy, Untied States Department of Agricullure 


INTRODUCTION 

HiG ffllsc wireworm E-lBod^s S'UeitiTQlis Say is now a serious menace to 
the production of wheat and other small grains in both irrigated and 
nonirrigated dislHcts in some of the more recently settled, semiarid 
regions of the Middle West. It is an impressive illustration of a truth 
repeatedly emphasized by the late Prof. F. M. Webster {^3, p. 72)', 
namely, that insects formerly supposed to be of little or no economic 
importance have frequently — 

come suddenly into prominence and become immensely destructive to crops. 

its principal damage is caused in the fall by the larvre feeding upon 
the recently sotro wheat grain and its sprouts, thus retarding or prevent- 
ing the formation and growth of the young plant. It also injures or 
destroys growing wheat in the spring. 

The comparatively recent development of Eleodes suiuralis as a pest 
is due largely to artificial change in its environment and food plants. 
Urge areas formerly devoted to grazing have been brought under culti- 
\ation, and this has diminished or almost eliminated a number of the 
aative food plants and has caused the insect to attack some of the crops 
now grown in their place. This change of food plants and possibly 
better facilities for hibernation in the cultivated fields have resulted in a 
steady increase in abundance of the pest. 

■UAough, owing to the partial control effected by meteorological 
conditions and parasites in each infested locality, the more destructive 
outbreaks of this false wireworm have occurred' only at irregular inter- 
jals, yet the activities of the pest have been reported witli increasing 
frequency each year since 1910 in widely separated districts within its 
range, indicating that the species is likely to become increasingly inju- 
rious in future years. 

The territory under discussion comprises more especially the semiarid 
sections of western Texas, New Mexico, Colorado, Oklahoma, Kansas, 
•Vebraska, and the Dakotas, west of the ninety-seventh meridian, and 
tie life-history notes are based upon studies made in the years from 1914 
to 1917, inclusive, in the latitude of southern Kansas, the deductions 
therefrom being based upon behavior of the specimens under observation. 


HISTORY 


This insect belongs to the extensive coleopterous family Tenebrionidae, 
ffld to a group popularly known by the expressive term of “stink- 


family Tenebrionidae. 
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bugs.” It was first authentically described under the name of Blah 
suturalis by Thos. Say {23, p. 257) in 1824. This description 
republished {24, p. jo, pi. 16, fig. 2) in the same year and subsequently 
appeared under the same name in Say’s Collected Works (25, p. 30, pi 
fig. 2) in 1859. The insect was removed from the genus Blaps in iSjn 
and placed in the genus Eleodes by Eschscholtz (7, p. 10), who indicated 
the generic structural characters of the insect upon which the chanre 
was based. Le Conte (16, p. 182-183) in 1858, following his description 
of Efeodcr ruturo/w var. ferano, emphasized that the specie^ discussed is— 

Allied to Rhodes suturaUs, but much larger and narrower, with the sides of thelthorax 
and elytra still more strongly margined. 

It is interesting to note that the genus Eleodes by that time embraced 
a large number of species of very varied form, and those described by 
Le Conte served yet further to illustrate the protean character of the 
genus. Le Conte (17, p. 121-122, pi. 12, fig. 5) in 1859, in further dis- 
cussion of Eleodes suturalis var. texana, reviewed the description already 
published and directed attention to the exceedingly great variations of 
the species within the genus. Lacordaire (15, p. 148-149, pi. 31, fig. 3) 
in 1859 merely directed attention to the more eommonly known dis- 
tinguishing characters between this and related species. Horn {ii,p. 306) 
in 1870, in his monographic revision of the Tenebrionidae, separated 
Eleodes suturalis from E. obscura and E. acuta by the flat or concave thorax, 
and further separated £. suturalis and E. texana according to rounded 
sides of the elytra in the former and the parallel sides of the elytra in the 
latter. He added further concerning E. suturalis that— 

The general form of this species agrees with the two already mentioned [Elicit! 
obscura and E. acuta], differing, however, in having both the thorax and elytra mth 
a very acute margin, generally slightly reflexed in die latter, always so in the former, 
90 that the dorsum appears either flattened or concave in accordance with the deme 
to which they are upturned. The sides of the elytra are rounded, never parallel, 
the dorsum is always flat. The anterior femora are not very acutely toothed, fre- 
quently merely sinuate . . . Many specimens have a broad red band along 
die suture of the elytra. 

Concerning Eleodes texana Lee., Horn directed attention to the fact 
that it, too, was acutely margined. In comparing it with E. suiwedis 
he noted that the thoracic margin is much wider and more reflexed, the 
thorax broader, the sides more strongly rounded, the apex deeply eraargi- 
nate with acute angles, and the base trisinuate and with acute angles. 
The elytra are more acutely margined than in E. suturalis, the dorsum 
slightly concave, longer and more parallel and in the males slightly 
produced, their surface also feebly sulcate with strise of coarse, closely 
placed punctures. The anterior femora of the male are armed with a 
rather short acute tooth. Horn (12, p. 34) in 1874, after making further 
study of the various species from more widely separated localities m 
Texas, became — 

convinced that this species [fi. texana] is merely a large variety of E. sutarolis Say- 

Casey (4, p. 394) in 1890, in discussion of generic differences between 
Blaps and Eleodes, made comparison of the form of the mentum between 
Blaps mortisaga and Eleodes suturalis, but indicated that the facts relative 
thereto were of doubtful taxonomic importance. Blaisdell (l, P' W' 
203, pi. I, fig. 14, 19, 23) in 1909, in his very full discussion of the charac- 
ters of the typical form of E. suturalis and of the variety B. iexmp 
left little to be desired. He reviewed the salient type characters of E 
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sutuffdis as given by Say. These are as follows : Reddish brown along 
suture. Thorax with edge deeply concave in front, lateral margin 
dilated and reflected ; anterior angles with a small escurved point. Elytra 
scabrous, grooved, lateral edge reflected, slightly elevated and acute 
He also reviewed the salient type characters as given by Le Conte of 
£■. suiurdis var. texam. These are as follows: TTiorax with the disk 
slightly convex; sides broadly depressed and slightly reflexed, sides 
greatly rounded, subsinuate behind; anterior angles acutely acuminate; 
basal angles rectangular. Elytra with dorsum plane, sides parallel and 
margined. He also placed emphasis on the more conspicuous diagnostic 
characters— the more or less reflexcd elytral margins, with the pronotal 
margins acute and reflexed, and the concave disk. The variety texana 
differs in its elorigate and parallel form, the typical species being less 
elongate and with the elytral margins distinctly arcuate. Gebien 
ig, p. 251) in 1910 enumerated references to taxonomic literature on both 
the typical form and the variety texana. 

A brief but able review of the economic importance of the o^enus 
Eleodes was given by McColloch (iS) in 1918, in which he cited the 
existing principal records of injury and directed attention to the fact 
that very little has been recorded concerning this genus from an economic 
standpoint, because — 

rt is only within recent years that the false wixewortns have been recognized as pests 
of growing crops. 

Swenk (27, p, jyd) in 1909, in discussing injury to growing crops in 
southwestern Nebraska by Eleodes opaca &y, directed attention to the 
presence of Eleodes suturdis in suspicious numbers with that species. 
Hyslop (14, p. p4) in 1912 recorded the rearing of an adult of this species 
by Mr. Theo. Pergande from a larva injuring wheat in Saline County, 
Kans. This scarcity of information and lack of recognition as an eco- 
nomic pest is probably due to a number of causes. The larva bears con- 
siderable superficial resemblance to that of a true wireworm, of the 
family Elateridae, and it is likely that much damage to growing crops 
really caused by false wireworms has been reported as caused by the true 
wireworms. Then, too, the subterranean habit and obscure work of the 
larva of this false wireworm render its presence unnoticed without close 
search. Also, the adult is seldom observed, for it does not often appear 
from beneath cover in open spots except late in the evening or early in 
fie morning, as the light and heat of the day drive it to shelter, 

DISTRIBUTION 

Colorado; Canyons near Boulder, H. F. Wickham (7, p. 20j); Denver, altitude 5,183 
'W, October, H. Soltau (j, p. 20y); Gillette, altitude 9,933 feet, H. F. W'ickbam (37, 
A ^94)', Golden, altitude 5,693 feet, May, H. G. Dyar and A. N. Caudell (3, p. 203), 
f>eptetnber, H. F. Wickham; La Junta, altitude 4,052 feet, H. F. Wickham (37, p. 
W); Berkeley, H. F. Wickham (37, p. 204)-, Orchard, altitude 4,403 feet, H, F. Wick- 
( 37 i P- 294); Limon, altitude 5-360 feet. September, H. F. Wickham; Sterling, 

jtude 3,932 feet, August, H. F. Wickham. 

Iowa: Lyon Coimty, June, B, Shimek (3S, p. 33, 4); Sioux City, altitude 1,104 feet, 
A:^ust, H. F. Wickham; “Western Iowa,” T. H. Macbride (3O, p. 60). 

A^sas; Argonia, altitude 1,24a feet, March to November, J. S. Wade; Augusta, 
™tude r,2i4 feet, August, E. G. Kelly; Belleville, altitude 1,514 feet, July, W. E. 
^nnington; Colby, altitude 3,138 feet, August, J. S. Wade; Dodge City, altitude 
' 4 wfeet, June, V. King, August, J. S. Wade; Ellis, altitude 2,119 Ivet, August, J. S. 

Bllsworth, altitude 1,534 feet, April to October, E. G. Kelly; Garden City, 
«Btude 2,829 feet, August, J. S. Wade; Harper, altitude 1,417 feet. June, J. S. Wade; 
B^ys, altitude 1,999 feet, April, E. G. Kelly, July, H. E. Smith; Kingman, altitude 
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I <06 feet, November, E. G, Kelly; Liberal, altitude 3,839 feet, J^y. J- S. Wade; 
McFarland, altitude t,0Jr feet, October, E. G. Keliy; McPherson, altitude 1,490 feet, 
October, W. Knaus; Marysville, altitude i,r54 feet, October, E. G. Kelly; Meade, 
altitude 3,503 feet, July, J. S. Wade; Mulvane, altitude 1,333 feet, ^ptember V. 
King; Norton, altitude 3,375 feet, August, J. S. Wade; Plains, altitude 3,762 feet, 
July, J. S. Wade; Pratt, altitude 1,887 feet, Novemter, E- G. Kelly; Mey Coimty, 
July. Wust, E. A. Popenoc (3, p. 203): Salina, Mtitude 1,226 feet, October, E. G. 
KeUy; Scott City, altitude 2,971 feet, August, J. S. Wade; Sedgmek, Mtitude, 1 3;, 
feet, September, E. G. Kelly; Wallace County, altitude 3.000 feeC F„H Snow p, 
68, 6l)- Wellir^on, altitude 1,205 feet, March to November, E. G. Kelly, H. E. 
Smith V. Kin^ and J. S. Wade; Wilson, altitude 1,607 feet, August, W Kmg. J. S. 
Wade, October, E. G. Kelly; Winfield, altitude 1,114 feet, August, 1 . S, Wilson; 
Winona, altitude, 3,322 feet, April, E- G. Kelly. , , 

Nebraska: Alliance, altitude 3,971 feet, H. 

I, 996 feet, J. S. Wade, August to September; Ashland, altitude i,t^ feet October. 

J. S. Wade; Beaver Gty, altitude 2,147 feet, September, J. S. Wade, Sdvidere. 
iltitudc 1 ,496 feet, Mav, C. E. Ward(aa); Dodge County, Mey Hubb^da^ Schwan, 
Blaisdell (3. P- a03); Ei^gar, altitude 1,724 feet, October, E. G. Kehy. 

3,765 feet' Nhveniter, J S. Wade; Fairbury, altitude 1,317 ^et, October, E, G. Kelly; 
Hasiinvs altitude 1032 feet, October, J. S. Wade; Holdrege, altitude 2,327 feet, 
Octobel'E. G. Kellyf^ord, altitude 2,077 f“f, October, E. G. Kelly; York, altitude 

'’^^ew^Meitico: Chico, altitude 6,882 feet, .September, D. J- 

'054 feet September, H. F. Wickham; Clovis, August, H. h. Wickham; Koehler, 

jiiie, T. S. Wilson, October, D. ]. Caffrey; Us Vegas, 

D. J. Caffrey: Maxwell, altitude 5,894 feet. May, October, D. J. Caffrey, Vaughn, 

^Su^maf Alva!''l’wtod”' 1,336 f«t, E. G- August; 

I OQI feet, October, T. S. Wilson; El Reno, altitude 1,363 ff't’ Jj""?' E. G. Kelly 
Mmgum, September, Coll. U. S. Nat. Mus.; Texhoma, MtUude 3,483 feet, November, 

E. G. Kellv; Woodward, altitude 1,893 feet, July. E. G. Mly. 

South Dakota: Buffalo Gap, altitude 3,257 feet, A^ E. H^l P' “ 
altitude .,397 feet, August, ft, F. Wickham; Volg^ E. 

Texas: Amarillo, altitude 3,683 feet. August H. F. 

443 feet, May, F. C. Pratt: Denton, altitude 620 feet, iUch, ® 

December I D. Mitchell (rj, 6.51); Fredencksborough.May, J. D. Mitchell , Hebbe 
Eu^it, J. D. Mitche\lf£ifckerbocker, Novernb^, F. C. 

May, J. D. Mitchell; Oakville; Plano, altitude 665 feet, -28 

May, F. C. Pratt; &bine, altitude 17 feet, June. F. C. Pratt, Sherman, alt , 
feet; “Texas," C. V. Riley (3, P- 203). 

It is exceedingly probable that this insect has a wder distribution to 
the existing records indicate, and it is quite possible 
over the greater part of the arid and semiand regions of the Miaai 
Western States. Wickham {35, p- 86) in 1890 says: 

E. suturalis I never took west of Albuquerque, where it is rather rare. 

In a discussion by the senior writer (jo, p. ^-J) in 1 92 1 of the 
factors governing the distribution of this and related species, 
pointed out that its distribution is closely related to the marked \ 
tions of altitude from approximately sea level to over 6,000 feet Q 
the occurrence of soils of light, sandy type, as it is known that the a 
stages thrive best in such soil. The adults, however, have been collec 
in small numbers several miles from such sandy locabons. 

FOOD PLANTS 

Normally this insect fed upon the seed, root systems, and oth« 
of native grasses and other plants, upon dead vegetable matter m we ■ 
and occasionally upon living and dead ammal tissue. As P 
rapidly became settled farther and farther wwtward, l^owever, 
food plants were more and more replaced by cul^vated crop , P 
by winter wheat and other cereals, the gram of which when at a 
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ias become in large part their food. Of these introduced plants, the 
insect in the larval or adult stage, or in both stages, is known to feed more 
Of less upon the following: Wheat {Tritkum vulgare Vill.), oats {Avena 
satm L.), corn (Zea mays 1 .), rye (Secale cereale h.), millet (Seiaria 
ilalm Beauv.), alfalfa (Medicago saiim L), kafir {Holcus sorghum L.), 
fleshy roots of sugar beets (Beta vulgaris L.), and several garden crops, 
notably the bean (Phaseolus vulgaris b.), and tubers of the potato 
(Solanum tuberosum L.). So far as known, wheat appears to be its 
favorite food, and this crop seems to suffer most from the depredations 
of the insect. Curiously enough, the injury to wheat is so great, and that 
occurring in the other crops enumerated is so slight by comparison, that 
a rotation introducing some of these crops, as will be shown later, has 
proved to be an efficient control measure. Although the beetle is known 
to feed to a greater or less degree upon practically all of the food plants 
enumerated, the greatest injury is wrought by the larva. 

CHARACTER OF INJURY 

The principal infestation of wheat occurs in the fall soon after sowing. 
As soon as the grains commence to soften in the process of germination, 
they are attacked by the larva. At times two or more larvs may attack 
1 single grain, and eat out its entire contents, leaving only the empty 
Husk, but more often only one larva was found feeding upon a grain. The 
characteristic nibbling of the ends and gnawing out of the germ of the 
grain by the larva when once seen may afterwards be easily recognized. 
The young sprouts are also occasionally injured, though even when not 
attacked they wilt and die as soon as nourishment is no longer obtainable 
from the infested grain. When the plant is not attacked until well 
sprouted, the results are quite similar. Even the most vigorous plants 
seldom if ever put forth new roots. 

In the fall the infestation is often confined to the more impoverished 
areas in a field, but in spring the larvae may be present in numbers among 
the roots of taJl and apparently healthy plants in the more productive 
areas. Where the surface is of a rolling character, infested fields soon 
present, in the fall, a parched or spotted appearance, the knolls standing 
out at first distinct and bare, although before harvest they become over- 
grown by graiss and weeds. After the wheat has grown up somewhat 
around these devastated spots, the bare areas often become filled with 
dried thistles, blown there by the wind. 

In addition to the injury caused by the larva, wheat in the shock or 
stack is damaged noticeably by the adult, which nibbles the ends of the 
grains. 

The maximum injury to fall-sown grain occurs almost invariably 
during years when normal moisture is lacking. Frequently in the sandy, 
prid districts there are no rains during early fall, and the seed wheat lies 
in the ground for weeks after seeding. It is during these protracted dry 
seasons, while the grain is unable to sprout, that the larva is most inju- 
rious. During seasons when sufficient moisture is present at seeding 
time to cause the plants to sprout at once, less damage is done. 

In only one year thus far, namely, that of 1910, has the pest invaded 
® destructive numbers the eastern portion of the area indicated. In the 
early summer of that year large numbers of adults were found in that 
^'ea in the vicinity of straw stacks and beneath old weedy wheat bundles 
'*'Wch had been discarded from the previous harvest. These w'aste 
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bundles were rather well distributed over the various fields, which thus 
become generally infested. The fall of that year, being a very dry one 
over the entire area of distribution, was favorable for this pest; since the 
wheat was seeded early and did not sprout until quite late, much of it 
was destroyed by the insect. Comparison of i^ested with noninfested 
fields showed that the former were trashy while the latter invariably 
were clean. 

The insect has been known almost completely to destroy early sown 
seed wheat in early fall before sprouting has occurred, and growing wheat 
the following spring. More often, however, in dry autumns it attacks 
and destroys seed wheat in little spots or small areas all over a field, 
especially in the vicinity of straw stacks or piles of rubbish and weeds. 
Where the destruction is not complete, the injury is indicated here and 
there by the dwarfed or stunted plants. The larva is ravenous and very 
active, and sometimes as many as from four to six are present about a 
single wheat grain and its sprouts. Several full-grown larvae have been 
found in i linear foot of a single drill row feeding upon the seed. Owing 
to their obscure, underground work a farmer frequently reseeds more 
than once in a single season without comprehending the true cause of 
his losses. 

The percentage of yield lost through depredations of this pest can not 
always be determined. Frequently the extent of damage is not appre- 
ciated by the grower, especially during dry autumns, until late m the 
season when rendered apparent by the large, bare spots over the fields 
or the stunted, depleted condition of the growing crop. In extreme 
cases entire fields of wheat have been destroyed completely so that tlie 
crop was not worth harvesting. 

DESCRIPTION 


EGG (fig. i) 

The ecE is elliptic-cylindrical, bluntly oval in longitudinal section and chcular 
in cross section. It is opaque ivory white, Md the surface appears smooU bo 
under low and high power of the nncr(^ope. It 
reflects light slightly from the lighted side. The shell is 
sufficiently tough not to become seriously distorted whet 
the egg is rolled around in the soil. Average length i j 
to 2 millimeters; width i millimeter. 



MATURE LARVA* 

Length 28 miUimeters; color testaceous, with head md 
F.G...-EggofE/.«i«.»Wi.. anterior portion of legs somewhat 

num, prehypopleurum, anterior and posterior i g 
of prothorax, and posterior margins of the follows segments 
anterior and posterior margins of prothor^ and postenor m^gins f .[ J. 

seements longitudinally finely striated. Surface corneous. Form -vuv 

S%ut?me times as long as wide (PI. i. C); 

flattened; pygidium movable in the direcUons up “d down, ronica , 

Head, ventral sides of the thoracic segments, anterior ™rtion of tte 

and posterior margin of eight abdominal segments, ninth sternum, legs, and p>gi 

clothed with rigid or soft setae; rest of body glabrous mth few, thm h^^ 

Cranium rounded (PI. i. B), nutant, exs^d, to^-fifths ^ ’““S “ 
epistomal margin (epi) to occipital foramen), broadest i^dimly, do^ly 
convex. Anterior frontal angle (fa) rounded. Frons (/) three-fourths 


‘ Descriptioo and PUt«s t and a, by R. A, St, George. 
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rrafliuffl. a Uttle wider than long with extreme width anteriorly; side margin convex. 
Pnicranial halves {epc) meeting dorsally; epicranial suture one-fourth length of cra- 
nium; ventrally the halves are separated by the gula (PI. i, I, gu)-, dorsally with a 
fgff, laterally and ventrdly with numerous thin set®. Gula distinct, coriaceous, 
cflbqiiadTale, with tentorial pits (Ip) just below middle of side margins. Clypeus 
(PI. I, B, cl) trapezoidal, widest posteriorly, length to extreme width as i to 4, medi- 
^ly with slight transverse ridge, each side with two well-developed setae near lateral 
niargin; side margins of anterior half testaceous, rest membranous; posterior half with 
side margins testaceous, rest castaneous-testaceous. habrum (lab) well developed, 
movable, transversely rectangular, almost three times as vinde as long, anterior half 
membranous, posterior half castaneous-testaceous; anterior margin broadly emarginate, 
anterior comers strongly rounded; medianly also along lateral and frontal margins with 
slight deepening; disk on each half usually with a median transverse series of three or 
lour set®; along the side and frontal margins are about eight much longer and thinner 
set®, with a few smaller ones between mem; behind those along the anterior comer, 
but on the ventral side of labrum, may be two to three parallel series of shorter, stronger, 
somewhat curved set® (PI. i, A).* Ophthalmic S]Mts absent. Antenna closely be- 
hind the mandible, attached to distinctly colored rim below dorsal mandibular fossa; 
basal antennal membrane well developed, posterior part somewhat corneous; three 
articles; basal article subcylindrical, about as long as labrum, second article as long as 
basal, more clavate; apical article very small, cylindrical, bearing a few tactile hairs 
at apex; no supplementary appendix beside the apical article. Mandibles of right and 
lit side differing in shape; both apically bifid (PI. i, E, G, a’, a^), each with one 
tooth (0 between apex and molar part («); tooth of right mandible, however, prominent 
and placed near apex, that of left less developed and placed close to molar part; 
molar part of right mandible with bituberculate crown, that of left mandible with 
hollow crown; ventrally with cutting part deeply excavated, several soft set® placed 
clcsely together near base, halfway'bctween condyle and molar part; exterior surface 
( "back of die mandible") distally with a slightly carinate margin (c), proximally 
with a soft skinned, whitish swelling {s) mostly on domal surface; three strong set® 
from anterior portion of swelling and thjce or four from posterior; portion opposite 
molar part and below whitish swelling excavated (e), with several small, soft set® 
near ventral mandibular condyle; dorsal surface of mandible somewhat flattened. 
Maxilla dorsally completely covered by mandible, coriaceous (PI. i, I); palpus sur- 
mounting mala (m) with one-fourth of its own length; maxill^' palpiger {pag) 
small, ring-shaped; tnree articles; basal article somewhat clavate, slightly shorter than 
that of labial palpus; second article a little longer than basal, subcyclindrical, bearing 
athin seta near apex on outer side; apical article half as long and thick as second, 
conical, apically covered with tactile hairs; mala on dorsal (buccal) surface (PI. i, 
B. flw) conical, a series of well-developed, somewhat curved set® extending right back 
of and parallel to inner margin and a corresponding series along inner margin, rest of 
suffice clothed with many thin set®; mala on ventral (exterior) surface apicdly 
hcarmg one or two fine hairs (PI. i, I, ma); stipes (rrf) fused with mala; base of ^pes 
(iO near articulation of cardo, short, bearing a few thin set®; proximal half of inner 
iMgin (ijj) of stipes connected with maxillary articulating area (or), distal half 
(^2), right behind mala, free, bearing a few short, weak ^t®; ^ust below palpiger and 
^ong exterior margin many long, ^in set®; cardo (co) about as long as maxillary 
palpus, entire, adjacent to curved hypostomal thickening which lies between 
f^ for ventral mandibular condyle (/»«) and fossa for tip of cardo (/c) ; inner margin 
of cardo near center with an indication <rf fusion with maxillary articulating area, 
posterior margin bearing a few short hairs. Maxillary articulating area (or) protu- 
berant, divided into halves; exterior half connected with maxilla, subdivided into 
su upper and lower portion , an oval elevation arising fromupper portion, lower portion 
again divided in two and coriaceous, its exterior part connectea with cardo, without 
interior half connected with submentum, entire, without set®. Submentum 
coriaceous, trapezoidal, broadest posteriorly; side margins slightly concave 
adjacent to maxillary articulating area; surface bearing numerous long, thin 
medianly. Mentum (tw) coriaceous, subqu® 3 rate, slightly ^der anteriorly, 
side margins free; surface bearing a few long, thin set®. The two stipites labii (rf/c) 
into a slightly chitinized unit carrtdng on each side a few short hairs; labial 
P^pus about as long as stipites labii; two articles; basal article cylindrical; apical 
^clec^ical, shorter than article, apically covered with tactile hairs; ligula (PI. 

li) small, narrow, conical, with a terminai pair of seta; on buccal surface a 
P^allel longitudinal series of thin set®. Hypopharyngeal sclerite (PI. i, F- H, hsc) 

and arransement of these sct« very on ot>posit« corners of the same specimen and on different 
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supported above hypopharyngeal bracon {kbr) by a chitinous plate from which it 
exteiwk; elongate, subrectan^ar, somewhat rounded at base, projecting, stroj. 
heavily chitinized; anteriorly tricuspidate; disk excavate with a slight swelliiij 
posteriorly. The hypopharyngeal bracon is a well-developed rod in the buccal mem- 
brane between the ventral mandibular articulations and the hypopharyngeal region 
in the latter region the rod is heavily chitinized, near the former region slightly mem- 
branbus. Epipharynx (PI. i. A, eph) forming the buccal surface of labium, soft- 
skinned, with posterior, transverse, broad, sinuous, chitinous band that carries one 
pair of stublike, sharp teeth; on soft-skinned part anteriorly to these teeth a pair of 
tiny hooks; near anterior margin and below transverse chitinous band many scattered 
ring-shaped punctures. 

Legs well developed, surrounded at base by a large articulatmg area (Pi. 2, E, a,] 
Prothoracic legs considerably stronger than those of mesothorax and metathora 
Articulating area laterally with a few (three or four) short hairs. Coxae (PI. 2, D, r, 
ea*) of first pair attached so closely together that they are nearly contiguous at base, 
nearly as long as wide, coriaceous; many fine scattered hairs on exterior and interior 
surfaces; trochanter (tr ) about as long as 003m, anterior face (PI. 2 , D) slightly coriaceous, 
posterior face (PI. 2, F) membranous, on inner side distally with two spinelike seta 
arising from a platelike callous wart, also a few thin hairs; femm (/c) as long and about 
as wide as coxa, anterior face coriaceous, usually armed with six or seven large spine- 
like setae and two to three thinner seta, also with many scattered hairs; tibia (lij 
neariy as long as femur and about half as thick, with anterior face coriaceous, distally 
usually armed with five or six spinelike setae and two to three more slender sets, also 
many scattered hairs; tarsus ((a) about as long as tibia, falcate, strong but rather slender, 
surface facing backwards, excavate, basal portion enlarged, gradually narrowing to 
apex; on posterior tarsal side with round, rather soft-skinned region which bears 
distally, at base of excavation on either side, a strong chitinous seta. Second (PI. i, 
D, F) and third pairs of legs inserted farther apart, much more slender and anterior 
faces less coriaceous than the first pair; the arrangement of seta and proportion of tie 
articles vary somewhat from those of the first pair, but the two parrs are themselves 
alike. Coxa (cox) about twice as tong as wide, with many scattered bans except on 
exterior surface ; trochanter (Ir) about half as long and half as wide as coxa, distally witl 
two spinelike setje, also with a few other thin hmrs; femur _(/«) as wide as, but not quite 
twice as long as trochanter, armed, usually, with five ^itmous spines, postenor face 
apically with two spinelike seta, exterior surface with many fine scattered hairs, 
tibia ((i) about as long as but somewhat narrower Aan trochanter, usually armed will 
four chitinous seta, posterior face with two spinelike seta, extenor surface with vc^ 
few scattered hairs; tarsus (to) a little shorter than tibia, slender, surface facing bact- 
wards excavate, basal portion similar to tarsus of prothoracic leg. , , , , 

Ventral intersegmental region between head and prothorax joined by slignu) 
chitinous presteraal area (PI. 2, E, y) with two minute seta each side and a 
chitinized subconical area (peu) with two minute seta which partly separate me pn- 
stemal area and form the preeusternal subdivision of the eusternum; this jomt regi 
much wider than gula. Ventral intersegmental region between protborax 
thorax, and between mesothorax and metathorax, distinct, membranous, composec 
poststemellar, preepipleural, and prestemal areas. , : 

ftothoracic eusternum (PI. 2, E, eu) large, tiapezoidid; fte 
zations (k, and h,). and especially the prehypopleural chitmization *„ l.arge and stroas, 
internally adjacent to ventral intersegmentol region; stcmejlar region (sU) 
front legs, almost fused with eusternum, fon^g together a 
poststerndlum (z) transverse, somewhat spindle-shaped; prothoracic te g 
ite) transverse, subquadrate, with anterior and postenor raargms as f™..' 

right back of anterror margin as also near postenor margm a transverse Mrics * j 
usually composed of three setae anteriorly and four portenorly cm each side. 


usually composed of three setae antcnorly and four postenorly cm eacn siuc, 
margin with a few thin sets, grouped mostly anteriorly and postenorly. 

Mesothorax and metathorax with large eusternal region; no separation 0 
eustemal subdivision indicated, as in other forms such as fort;” . ^(.3,. 

sternal areas (H. a, E, y) distinct, subtnangular, antcnorly sliKhuy ^ ^ few 


soon naira prcuywpicuiAt v'l/ .r — • -- pHiacen'- 

setae; posthVropleujd chitmization (*,) very' small, not to be confused 

oval cffitmizations in articulating skin of leg; coxx rather d^t; 

metathorax not present; preepipleurum of mesothorax and me tathorax (giJ s ^ 

1 Althoudi no Kjmration ol a preeusternal reaSon is indicated, the ar^ wcN'’''" 

(an* tofSich suSkdSon is indicated. In thii connection it may be pomted out that m 
oped prestemuin is present in Mirimi htvit as is in this lonii. 
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lar, the former caxrying first thoracic spiracle, the latter the rudimentary second tho- 
racic spiracle; epipleurum(«)of both segments well developed, lobe somewhat promi- 
nent and bearing a few setae, more or less fused with the corresponding preepipleura; 
postepipleurum, (ea) triangular; mesothoracic and metathoracic tergal shields (fe) 
t^sverse, subrectangular, about three times as wide as long,* right behind anterior 
margin with a dark transverse line;® posterior margin darker than rest of seg- 
ment, longitudinally finely striated, setae arranged as on protergum. The typical 
abdominal segments with fused sternal areas covered by a single transversely 
rectangular shield, posteriorly darker, with band longitudinally striated; setse on first 
seven terga with two ^ansverse series, the anterior of these usually having four seta 
on each side and posteriorly two ; on eighth tergum the setje arranged similarly anteriorly, 
posteriorly with three on each side; sternum of first abdominal segment anteriorly 
Ssely set with setae; a few extending along lateral margin, similar arrangement lack- 
ing on other abdominal segments; posteriorly with iwo short seta on each side: h>T)o- 
pkural region (hy) mdistinct, epipleurai region (ep) narrow, adjacent to tergal shield, 
anteriorly, on first abdominal segment, with from one to four snmll set®, on rest of seg- 
ments a single seta only; tergal ^ield (ter) laterally carrying spiracle, above which is a 
dark line: second and third sterna usually with three or four short setse grouped to- 
gether, near which is a long, thin seta anteriorly on each side and jxisteriorly with two 
long, thin sets on each side. Sternum of third to eightli segments usually ^Yith two 
seta: anteriorly and two posteriorly near lateral margins; sternum of eighth segment 
rith setae arranged anteriorly as on third to eighth, posteriorly with several small seta? 
arranged in a transverse series along margin, first six abdominal segments transverse, 
seventh and eighth subquadrate. 

Ninth abdominal segment smaller than preceding segment, coriaceous, with dorsal 
part or pygidium conically produced (PI. i, C; PI. A, G, H), above somewhat 
concave, below broadly convex, mth apex pointing upward, mucronatc; apex slightly 
chitinized, on each side with a short spinelike seta; lateral margin set with a series 
of strong, short, spinelike setae, below which are many soft hairs; near anterior margin 
a transverse series of short hairs, back of which is a transverse series of longer, thin 
hairs, and posteriorly a few setse; convex surface with scattered fine sets; ventral 
pari of ninth segment small, transverse, soft, with many short seta?. Tenth segment 
separated from ninth above and below by articulating membrane. Tenth abdominal 
(anal) segment (PI. 2, A. H) small, with upper and lower transverse anal lips, the lower 
liponeach side with conical and, except at tip. setose ambulatory papilla. Spiracles 
(PI. 2, B) annular, broadly oval, transversely placed; opening linear, unprotected by 
hairs, at bottom of cup-shaped peritreme. 

The foregoing description conforms with Dr. A. G. Boving’s (50, p. 
0-32^, pL 31, 32) description of the larva of Embaphion muricatum, 
with which it is closely related. The following characters of the larva 
of Embaphion, however, will separate the two species. 

P}’gidi\im pointing upward, subconically produced, above somewhat flattened, 
apex obtuse, lateral margin with a series of strong, short sets; whole surface with 
fine scattered seta?; whitish swelling on back of mandible, opposite the molar part, 
rith three to four strong setae from the anterior portion, two from the posterior; ventral 
ritfersegmental region between head and prothorax about the width of gula,^* witli 
two minute soft setae on each side of the slightly chitinous prestemal area; two trans- 
pose ophthalmic spots present just behind antenna; ligulaon buccal surface not setose ; 
disk on each half of labrura with median transverse series of five large seta and an 
^terior series of three long, thin, and straight setae; right behind these but on ventral 
of labrum another series of four shorter, stronger, and curved setae; femur and 
tibia of prothoracic leg each usually armed with fine spinelike setae. 


the terfum is so convex the proportions in the figure do not quite agree with the text 
18 TV U not as well developed on the metathorax and may even be lacking, ^ ... 

are usually from 9 to r i setae on each margin. Because they difier somewhat in munber in various 
and somrtimes on opposite sides of the same specimen, they do not offer very reliable characters. 
V character will separate Embaphion from alj Eleodes larvs as represented in the United State 
Museum Collection, which consists of the follow^g material given to the Museum by the ^tor 
(Sax,?^’E« , ofMicauda I,^.; E. car^arU (Say), E. extricaia (Say), E.ftuiformu Lee.. E. 

(Savi ^ L^,, E. oPaca (Say). E. obscura (^y), E. ohsotel^ (Say), sPonta Lee., and E. trtcostata 
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PUPA (pig. 2) 

When first formed the pupa is opaque white, but ^ter a short time the eyes becomt 
visible and the thoracic segments become more distinct and take on a pale cream 
color. No other notable change takes place until the time for emergence, juju 
prior to emergence the elytra and thorax become yellowidi brown. Pupa dorsallv 
acute, ventrally somewhat flattened. Head pressed to prostemum. Pronoium 
rather broad and protruding above the head so as to make the head nearly invisible 
from above. Caudal segment bearing a pair of thick fleshy spinelike lob^ directed 

porteriorly. Between dorsal and pleural ab- 
dominal plates an irregul^ deep depresioE 
forming a distinct submarginal groove. Pleu- 
rai margin of abdominal segments bearing ir. 
regular semicrescentic plates each having tu 
berculiform bristles in fanlike arrangement 
Head, antennse, and legs free. Body smooth. 
There is considerable variation in size. Aph 
proximate average length 23 millimeters, width 
S.5 millimeters. 

adult (fig. 3) 

The following description is taken 
from Blaisdell (j, p. igg-202, pi. i, /in, 
19): 

Oblong, more or less strongly elongate, doi 
sum flattened and slightly concave, black 
frequently with a broad reddish band alonf 
the elytral suture, epipleur® often tinget 
with the same (Xilor. 

Head a little less than twice as wide as long 
and scarcely one-half as wide as the pronolnm 

•v. surface plane to slightly convex, frequeDll; 

at Irft. left lateral lamdu (“lamina motoria more or less impressed along the frontal S\l 
Cf SchiMte) of second abdominal segment. somerimes transversely so between ^ 

eyes, and laterally within the moderately prominent sides of the frons, opaque, mod 
erately, coarsely, irregularly, and densely punctate, usually with small impuncia 
areas. AnUnnee rather stout, scarcely reaching the prothoracjc 
joints slightly compressed and just perceptibly dilated; third )oint , 

the next two combined; fourth, distinctly longer than the fifth; the latter 
seventh, inclusive, subequal and slightly longer than wide; eighth, triangular 
about as long as wide; ninth and tenth, suborbicular; eleventh, short ovate. 

Pronotum vridest at the middle and about one-half wider than long; opaqu . 
smooth, slightly convex, finely and sparsely punctate,^ 
about the center, frequently with irregular impressions: laterally 
impressed from within the apical angles to a very short di^nce m .jiv 

basal angles, terminating in feeble basal impressions, the deprcKions m 



Fig. I.— Pupa of Eleodet ,mfwra/w. dorsal view; 


transversely rugulose; apex deeply emarginate and more or less , ygp 

sides broadly and more or less strongly refiexed, evenly arcuate 'J*' f 
feebly and broadly angulate at middle, slightiy sinuate m front of the basa 
marginal bead moderately coarse; base truncate and feebly tnsmua , 
margined, two-fifths to one-half wider than the apex; apical angles acme, 
acuminate, prominent and more or less everted; basal angles rectangular. . 

Propleum opaque and smooth, very finely and roarwly to oM^l> . 
punctate, more or less rugulose at times, and defined from the rene f 
margin by a longitudinal concavity. . „r,anue; i»' 

Elytra oblong, one-third to twice as long as wide and more or P ubtus 
feebly emarginate, and about equal to the contiguous prottoacic 
and not prominent, rounded beneath the basal angles of ^e prono 
arcuate to subparallel, apex scarcely to feebly pri^uced; disc plane to g 
very suddenly deflexed laterally, angle of deflexion fonmng an acu „ 

reflexed margin, which becomes obsolete a short distance buore the p . 
less suddenly obliquely declivous posteriorly; surface sulcate, '“‘efTals lee , 
each with a single series of rather distantly placed punctures, the sulc 

with but a single series of closely placed submuricate punctures, 
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pth numerous closely and irregularly placed punctures, which become denser and 
rather strongly muricate towards margin; apical declivity somewhat more 
-onrlysulcate and scabrous; indexed sides not convex, obsoletelysulcate, irregularly 
Judiiiuricately punctured, 

EpipleurcE moderately narrow, uncmately dilated beneath the humeri, and gradually 
flarrowing to apex; surface usually more or less obsoletely punctate. 

SUrm and parapleura more or less obsoletely or strongly punctate and rugulose. 
0omen finely and more or less sparsely, obsoletely punctate and rugulose. 
legs moderate. Anterior femora armed in the sexes; protibial spurs and protarsi 
nearly alike in the sexes, the spurs are quite strongly dive^ent. The first joint of 
jlie protarsi is more or less thickened and slightly produced at apex beneath, bearing 
i tuft of yellowish pubescence. 

jV/a/e.— About twice as long as wide. Antennae scarcely reaching to the basal margin 
of the pTothorax. Elytra moderately, suddenly, and obliquely declivous posteriorly; 
apex slightly acuminate. Abdomen slightly oblique, moderately convex, broadly 
[pressed on the first two segments. Anterior femora with an acute tooth about one- 
fourth distance from the apex ; posterior spur of the protibisc apparently a little longer 
aad slightly stouter than the anterior, frequently they appear to be quite equal in 
length, both are rather stout and acute; first joint of the protarsi with the produced 
tip beneath rather thick and bearing a small obtuse tuft of modified spinules, groove 
not evident. 

fenza/e.— Less than twice as long as wide. Antennae reaching to about the posterior 
fifth of the prothorax. Elytra quite suddenly obliquely or vertically declivous poste- 
riorly. Apex obtuse. Abdomen hmiwntal, evenly and strongly convex. Anterior 
femora with a small obtuse tooth, sometimes scarcely more than sinuate in outer fourth ; 
posterior spur of the protibiae a 
little longer and stouter than the 
anlerior, both are acute, moder- 
ately thick, and gradually nar- 
lot^ed from the base; first joint of 
the protarsi slightly and trans- 
ivcrsely produced at tip beneath, 
i bearing a transverse tuft of spi- 
Inules, which is more or less acute, 

I groove more or less obsolete. 

I The male genital characters do 
I not apparently show any racial 
I differentiation. 

I .Iffl/e.— Edeagophore of the 
tial oblong-ovate form. 

Bmk oblong, scarcely arched, 
id may be sparsely punctate 
terally at apex. 

Apicale raUier broadly triangu- 
moderately depressed, sur- 
je more strongly convex api- 
lly, vnth a median membranous 
oove in apical half; sides rather 
^'ghtlo slightly arcuate; apex 
arcely produced and more or 
s deflexed, subacute; base 
’Jadly lobed at middle, and sin- 
ik laterally. 

Bternite transverse. Each lobe 
ith the external border more or 
^evenly arcuate, and the inter- 



Fig. 3.— Adult o( EUodes sviuralis. dorsal view. 


d short and straight to feebly arcuate, with apex rounded; surface densely punctate 
w setose in apicS two-thirds, setae quite long and not extending upon the membrane 
^the sinus; the latter nearly closed by the same. Tlje lobes internally at base 
cephalad to the sinus are rendered semicircularly sinuate by an interlobar trans- 
oval membranous area, the raeiubranc of which is frequently transversely 
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LIFE HISTORY AND DEVELOPMENT 

The insect hibernates in the adult stage beneath piles of rubbish, grass 
weeds, and refuse, or buried in soft sandy soil, and in the burrows of small 
mammals ; it also hibernates in the larval stage, biuded deeply in the soil 
In the latitude of southern Kansas the adult is abroad in the fields depos^ 
iting eggs in early spring, and is present in the fields until late Novemter 
Some of the adults have been known to live two or three years. The egg h 
deposited in soft loose soil at a depth of about three-fourths of an inch to 
I inch. Frequently from 10 to 60 eggs are found in a single nest. The egp 
hatches in from 8 to 10 days, depending on the moisture and temperature 
and the young larva a short time thereafter begins to feed very actively 
upon vegetable tissue and roots in the soil. Where development occurs 
under favorable weather conditions and with adequate food supply, the 
larva grows rapidly, reaches maturity, and enters the pupal stage in about 
no to 130 days, though this period may be accelerated or prolonged bv 
abnormal conditions. The pupal stage continues for a period varying 
from 10 to 22 days, during which time the insect is comparatively mo- 
tionless in an earthen cell at a depth of about 3 inches in the soil and takes 
no food, and at the end of this period transformation to the adult stage 
occurs. This adult in turn often produces another generation of lar\’;e 
in late summer. Such larvae when about half grown (and at a depth of 
about 2 to 5 inches in the soil at wheat-seeding time) reach their period of 
greatest destructiveness about the time the newly sown fall wheat is 
coming through the ground. Numbers of the larvae of this generation 
usually overwinter as larvm at considerable depths beneath the ground or 
in loose soil beneath refuse. Some of these lan'ae have been found in No- 
vember at a depth of 7 inches and in December at a depth of 14 inches 
in the soil. It should be noted that there is considerable overlapping of 
generations, hence larvs of widely varying size often coexist in the same 
field. 

The newly hatched larva does not immediately become active but 
remains for a little while in the soil, at the place where the egg was 
hatched and in the cavity formerly occupied by it. The toughness of the 
eggshell is indicated by the fact that the empty shell retains its shape 
for some time after the larva has emerged therdrom. The integument 
of the newly hatched larva is rather tender but nevertheless enables it 
to survive rather rough handling. When newly hatched the larva 
averages 2.5 millimeters in length and about 0.3 niillimeter in vridth, 
and is semiopaque white. The general proportions of the newly hatched 
larva do not vary to any noticeable degree from those of the older larva, 
but there is an occasional slight variation in size. The larva begins to 
feed lightly not long after hatching, and appears to grow with greatest 
rapidity during the first three or four weeks, as it more than doubles m 
size during this period. Following the second molt the rate of growth 
becomes less marked. Larvae invariably are present in infested fields m 
greatest numbers in the vicinity of straw stacks, or in the absence 01 
these, in the neighborhood of or beneath scattered bundles of 
which contain sudi a large percent^ of weeds that they have b«u 
discarded and left behind by the harvesters. It has been repeated y 
noticed that the infestation in many fields invariably appears to opS®*;* 
and spread from such straw stacks and B always more severe m the 
vicinity. In fields not sown to wheat the larvae are not found soatt«® 
generally over the field but are usually grouped in numbers in the s 
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iround straw or grain stacks or other shelters, and have been found in 
lie moist soil far under such straw stacks beneath a layer of straw 
feet in de^th. In fields recently sown to wheat they are usually 
lisseminated irregularly over the field, but are in greatest numbers near 
je shelters, and are sometimes in such abundance that as many as 
165 larvse of this and related species have been found in three adjacent 
fnll rows within 3 linear feet. 

Cannibalism is rather common, both under artificial rearing and under 
aonnal field conditions, and where the larvae are abundant in a field it is 
jot uncommon to find numbers of partly devoured larvae here and there 
at the spots of their greatest activity. This is most noticeable, however, 
jader field conditions during the early period soon after germmation of 
tie grain, when the larvae are most busily feeding and where conditions 
nay be such as to produce crowding. Under average field conditions 
sufEcient numbers of larvae are not destroyed in this way, however, to 
render cannibalism a factor of value from an economic standpoint, as this 
Ian'S is normally phytophagous. The larva appears sensitive to dis- 
turbance of any kind. If touched it will often feign death and remain 
motionless for a time before attempting to escape. If taken between 
tie fingers, the pressure sufficient to hold it causes it to make the most 
frantic efforts to escape, and it twists and wriggles its body with greatest 
activity into almost every possible position, ejecting quantities of a 
colorless fluid apparently from between its dorsal segments. Presumably 
tils fluid is defensive or repulsive and is one of its means of protection 
from birds and other enemies of similar feeding habits. 

The larva, being very quick and active, can move easily over smooth 
surfaces and bury itself in the loose soil with greatest ease. It is able 
also to penetrate compact soil with little apparent difficulty, since it has 
been found working in ground of considerable hardness at a depth of 
2 inches, but if the soil te fairly loose, its friableness and dryness appear 
to facilitate larval movements. When very young it is unable to survive 
long in perfectly dry earth, but as it becomes larger it does not appear 
to be greatly affected by this condition, although it prefers slightly moist 
soil. The larva is keeffiy susceptible to an overabundance of moisture 
»nd often comes to the surface of the ground and remains there for several 
ours following hard, dashing rains. It is negatively phototrophic and 
(hen exposed to light hides with the utmost rapidity under any shelter 
: can find. When artificially confined in a Petri dish, it soon crawled 
eneath the layers ' filter paper or blotting paper at the bottom of the 
Ksd. 

When ready to molt the larva remains comparatively motionless for 
ome time before the skin splits and it is able to free itself therefrom. 
Wting occurs in its channels, and wriggling from its exuvia, the larva 
tmains comparatively inactive for a short time until the new skin 
11s hardened somewhat. Considerable difficulty was experienced in 
)btaining the length of instars, as it was necessary to do this under 
^horatory conditions, and a number of types of cages were tried and 
fcarded before one suitable for the purpose could be evolved. The 
ffsgularity in time of molting, the proper regulation of food and mois- 
to, and the difficulty of finding the exuviae in the cage also added to 
lit complexity of the problem, and many hundreds of larvae died in 
!’®rious forms of cages and through a variety of causes before the desired 
'•flwmation could be obtained. The type of cage from use of which 
®*t'sfactory data at last were secured consisted of a 2-ounce, seamless. 
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tin salve box, in which was placed a one-fourth inch J^yer of plaster of 
Paris, covered by a thick coating of India ink, and a small disk of dark 
colored blotting paper slightly smaller than the diameter of the box 
The newly hatched larva when isolated in such a cage, having the plaster 
of Paris slightly moistened, and with split wheat grains for food, appeared 
to thrive normally to pupation at an even temperatme of about 60“ p 
as long as the moisture therein could be kept properly regulated. Curi- 
ously enough, soil in the cage was not an absolute essential. It was 
found that normally there are six instars. The length of these instars 
according to records made daily from observations upon the survivors 
of 50 isolated specimens, averaged as follows: From -atching to first 
molt, about 6 days; from first to second molt, about 10 days; from 
second to third molt, about 21 days; from third to fourth molt, about 
26 dajrs; from fourth to fifth molt, about 14 days; from fifth to sixth 
molt, about 27 days; from sixth molt to pupation, about 18 days. 
It was found, however, that the length of the period between instars was 
often prolonged because of temperature, hibernation, moisture, quantity 
of food, and other like factors. 

Many of the larvae in the field reach the fourth or fifth instar during 
late fall and overwinter in that condition. During this period they 
penetrate to considerable depths in the soil, feed but little, and are com- 
paratively inactive. Commencing early in March, if the spring is a 
normal one, they feed until ready to pupate. Just before pupation the 
larva prepares its earthen cell and enters upon a semiquiescent stage 
which continues from 4 to to dayrs. 

The period of pupation lasts for approximately 17 days, after which 
the adult emerges. It is comparatively inactive for a short time after 
this until its chitin has turned from pale brown to black and has become 
harder. The recently emerged adult is always brighter and has a deeper 
gloss than an older one. Mating most frequently takes place about 6 
or 7 days after issuance from pupation, and egg laying begins about 20 
to 22 days thereafter. There is seldom much variation in the method of 
oviposition; the female burrows into the soil to a depth of approximately 
three-fourths to i inch, loosens up a tiny area of soil, and at intervals 
deposits there the eggs in bunches consisting of two or three to several 
dozen, within an area having a diameter of not more than 2 inches. The 
average number deposited by a series of 100 females, from which count 
was kept, was 108 eggs, while the maximum number deposited by a single 
female within this series was 335 eggs. When disturb^, the adult has a 
curious habit, common to other species of this group, of standing still, 
placing its head to the ground, and tilting upward the posterior portion 
of its body until it appears fairly to stand upon its head, and it 
remains motionless in that position for several minutes. By and by, d 
not further disturbed, it resumes its normal position and continues its 
activities. If sufficiently annoyed, it ejects in a lateral direction from 
anal glands a strong astringent fluid having a highly offensive odor ana 
evidently protective in function. Gissler (10) in 1879, in discussion of 
another species of Eleodes of similar habits, first described this secretion 
and the glands from which it is ejected. 

The adult, being crepuscular, reaches its period of greatest activity 
during the cooler portion of the day, in early morning, in late evening, w 
during twilight hours, and like other noctthmal insects is not noticeab e 
in fields during the brighter, wanner hours of the day except wnea 
deliberate search is made for it. It may then be found under gra® 
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(,„ndles, shocks, Dpd edges d stadts, in burrows of smaB mammals, 
beneath piles ot wmwe and dried Russian thistles, along feswe rows, 
or beneath other craivenient shade or cover. The adult does not crawl up 
into such bundles or shades to any noticeable degree, but remains on the 
ground beneath them, and aimears to p^er shocks or bundles whidi 
lave settled rather closely to the ground instead of those resting li^tly 
upon the stulAk. It also selects for dielter the old dried piles of weeds 
aid trash rather tiian fresh, giera, newly cut piles of such ddbris. The 
anount of excrenent pr^ent with the adult when found indicates that 
it often remains^ a considetrdole period in the same spot. It also has 
tieen noted ^h^fln adult is occasionally present at night beneath street 
lights in towns within the infested areas, but it is not attracted to lights 
in large numbers. Webster (32, p. 32) in 1912 stated that an adult of 
Eleodes suiuralU was observe devouring chindh bugs {BUssus leucopknu 
Say) at Wellington, Eans. D. J. Caffrey in 1915, while conducting a 
series of observations relating to insects predacious upon the New Mexico 
range caterpillar (Hemileuca olmiae Qdl.) noted that adults of Eleodes 
saturalis would not feed upon dead Hemileuca larvs. 

At the appuroacb of cold weather in late fall the adult seeks a hibernating 
place, usu^y beneath the rubbish previously used as shade and cover, 
and there it often penetrates to a considerable depth in the soil. It is 
probable that little or no food is taken during hibernation, and at such 
times, when an adult has. been dug out or uncovered, it seems to be in a 
semidormant condition, and even after being taken into a warm room 
does not resume its normal activity for some hours. If kept out of 
hibernation ami subjected to winter weather it speedily perishes. 

NATURAL ENEMIES 

Swenk (27, {>• 333-336) in tgog and McColloch (19, p. 191) in 1919 
recorded that they experienced more or less difficulty in conducting suc- 
cessful reaiiugs of &1» wiieworms because of the presence of what was 
presumably a bacterial disease of the larvm. A disease similar to that 
discussed by them algo was encountered by the writer in rearing work 
vdth Eleodes svturalit. The presence of this upon a larva would first be 
noticed in the fmm <rf one or more small, irregular, reddish-brown spots 
on the thoracic and abdomioal segments, and these spots usually would 
become larger in area until die death of the larva. In a numb^ of in- 
stances it appeared to cause the death of the larva without having in- 
cteased appreciably in dze; at other times it would become larg^ until 
it encircled the bbdy, and the larva notwithstanding would remam alive 
and reach the adiilt stage apparently without serious inconvenience; 
normally, however, die spbt fhereased steadily in diameter and in doing 
so sooner or latJ^GUikd tile of the larva. Presumably the disease 
W capable of spreading to i^M' larv®, for healthy larvse, when placed 
wtb sick ones, contracted the disease, though the customary 

whtion of the iii indivki^l cages probably was responsible for 

preventing its geti^ral mread. 

The larva, aduie. pndep laboratwy conditions, occasionally w^ at- 
tacked by funa, notably Sporolr^tm ^bulijenm Speg. and Melarr- 
"Ktum anisoph^ Mcjt^Ilbiffi (19, P- xjr) noted the 

P®ence of firtgi) these spedes, in his rearing work. 

71688-24— a/ 
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If the cage contaiiiing the larva was not sterilized ^jpilatly and care- 
fully vario® species of thiy soil mites (Acarina) oecasioiially would be 

present in scattering mimb^. . c u 

A number of insects may be associated under m»mal field conditions 
with the larval and adult stages of this sjiecks airf thus far a few of 
these, notably the larv* of a spedes of Calosoma, of Harpalns caligimus 
Fab.,’ and of an undetomined species of robber-fly of the genus Fiax, 
are known to attadc EUodes sniurdis larvse. Various spedes of field , 
mice, snakes, frogs, spiders, and centipedes also frequmtly axe associ- j 
ated ’with the insect in varying numbers, but their wesence usually i 
does not aj^iear seriously to disturb ite activities. «ie jpupa of E. 
siUwdis sometimes has been attacked and killed by the antTeira- 
morimn caespitum L., and the adult occasionally has bem attacked by 
the ant Pogonomyrmex occidenUUis Cress. The adult is freely eaten by 

cbidcens. . • r j i. . 

Barrows and Schwarz (i, p. 64) in 1895, m discussing food habits of 
the common crow, stated that the finding of some specimens of the genus 
Eleodes in a few stomachs of ctows from Kansas and Nebraska leads 
them to the supposition that if a larger number of stomachs from that 
region could be examined, spedmens of this and allied genera would 
be found well represented, 4ttd they add: 

These beetles, so duracteristie of the fauna of the md^on rf the West, fulffl 
most rf the lequirements <rf insect food prefened by the Crows; they are tenestnsl, 
laije, hard, and possess a strong, offenave odw. 

The records of the Bureau of Biological Survey of the United SUtes 
Department of Agriculture show that birds of the foUo^g sMcies have 
fed on beetles of the genus Eleodes, the fragments of whi^ could not 
be specifically identified thought it is probable that Mine of them have 
been^ & xnfwofwSay: Crow, Cerm brachyrhynciws Btfimj 
pecker, Dryobates viUoiiu 1 . (s.p. 15); sparrow hav^, 

C; road-runner. Geococcyx coHlorniaim /ed-bwded ^oodpeck^ 

Melanerpes er^oaphdns L.; mocking burd, 
thrasher. Oreoscoptes montcmus Townsend; magpie, P%m fnca 
Sabine.robin; Pla^/ic«x mtgrotoriuxL.; purple 

Sabine, meadow lark, Slurnelh wwgno L.; ^ka^ tog". 
Tyrannus wfticaljs $a.j; yellow-headed blackbird, XatOtocephahsxanlki 

*^*^nte"Bmeau^ Biological Survey has records of a number of othei 
species of Eleodes whidi ire preyed up^ by birds, , . 

^ey (ii, p. 432; 22) records rearmg a parasitejrom an adw 
E^dmwdis cd^ by C. E. Ward, Nebr, ^ 

whidi later was ^entified as PerUiias sp.. The 
dgar box , in which the host beetie ^ bee“ kept 
with file effiplical whitish cocoons fije pai^te. 0 

elapsed betWU the time the larv* left ^ hort ^ the 7fg““„ 
tKasit® dis^on of theb^ ^ i9« 

tents of itHabdomenhadb^ato^ 


lenis Ul M ttUUWAUC** «WU ; — _ ^ fhSf. i 

Dubli^sd & desototion of tJiip it ; 

the being r&ie^, froth /an Nebr 

^fridlited |ss:fr«iWy^5nfae^ fbWd Aat fiie species 

doi^:1^t^^ PeHtiiis ^strophfiae AsMMad— 
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HcColloch {18, p. !3o) in 1918 reared a number of adults ofPeriUtus 
from Elects' irkostata and fortunately secured considerable 
joteworthy irfOTtnation of value on the life history of the parasite. 
He also (19, p- 190) lesl^ the same parasite from E. opaca Say. 

Several hundred specimens of Perilitus eleodis were reared at intervals 
[tom July 18 to October 22 from adults of Ekodes svturalis. They 
issued as larvae from the anal opening of the adult hosts and pupated as 
jjy silken cocoons occurring in clusters here and there over the bottom 
)f the cages. These cocoons were sometimes attached to a portion of 
the cage walls and sometimes were matted together in the soil which 
had been placed fa the cages to facilitate egg laying. The adult parasites 
soon after emergence became active and moved about restlessly over the 
cages, and when pesent in cages containing host beetles would crawl 
ibout over them and 
attempt to oviposit 
promiscuously at any 
of the body sutures, 
usually on the ventral 
side. The beetle ap- 
peared to be in extreme 
fear of these parasites 
and would scramble 
around in greatest ex- 
citement as soon as one 
of them drew near. It 
would also make frantic 
efforts to push off the 
parasites whai at- 
tacked by them. Upon 
finding a soft spot in 
which to place the egg, 
the rather long and 
upcurved ovipositor of 

the adult parasite was FiC. n.’-’Ptrililus tUcdir, a parasite oi the adult d B/todes sutura/is: 

thrust through a suture AUuitfemai.. 

of the body wall of the beetle. Each beetle thus attacked was isolated 
for further para^tes, but urrfortunately in no instance were additional 
ones obtained. The beetles sometimes lived for several hoius after the 
nrasites issued. The maximum number of parasites secured from a 
ingle host individual was 12 1. Perilitus eleodis, also was reared by the 
enior writer from adults of Ekodes hispilabris &y, E. obsoleta Say, E. 
’iasUUa Say, md ETesdrkata Say. 

CONTROL MEASURES 

Extensive experiments conducted some years ago by Curtis (d, p. 170- 
7 «), Treat (a8, h. 82), Ormerod {20, p. 111-118), Weed (34, P- ^^ 3 ), 
-omstock and S^^land (5, p. 199-250), and Forbes [8, p. 48-51) 
n attempting tp faid a remedy for true wireworms, afford clues in the 
*?^'for control measures for this pest, for althou^ these entomologists 
to find rempcEra which .were in every way satisfactory, their work 
of great valui in pointing out the uselesmess of sevofa suggest^ 
®fnies for avoiding faop fa|tiry by subterranean pests. Bearing in 
the suggestions embodied fa the published records of their work, 




the SMiior writer’s experimoUalCW' ^ai^vi^&mc^i^BXtodes sjttwaii 
woe earned ott aloaz semeWtet is i-itoppl 

refeteiKu 

was placed 01 


to the hal^ of the q)edes 
experimeats fw the ^toteetioa of thephmted seed, & detraction of ^ 
tam, andthedestructiimof ^ jwpaand beetle. 

As the proteetkm of the seed was deesied oiore e^edady desirable 
imeh attentioa was given to tius phue of Wheat seed 



treated witha ^»at variety of J 
by the larva in the hope (rf' l 


i and atenauhjected to attacl 
j some' eSectne r^eDent or poison 
but in every case thea proved indfettive, for not ««fy failed to kii 
the larva, but, what was wenae^ they often retard^ 'or ehtlMy preventet 
the gemination rtf the seed. Coating the seed cn acuddi^ it in solution 
or preparations of tar, shellac, copperas, strychnine,, cyanid of potassium 
turpentine, kerosene, and similar substances all prov^ ineffective am 
of no practical value since either the cost was pre^bitive or the larva 
devoured quantities of treated kernels and apparoitly esperienced no il 
effects theiWrom. It is^bdieved that in these experimeots the imprac 
ticability of all methods . this gatera! character in attempting to protec 
the seed was fully demmi^ated. 

In experiments rdalrre -to' the destruction of the pupa and beetle j 
was foom that all the Ti^us insectiddes applied to the soil in hope o 
killing the insect infesthi^ It i^ved ineffective if used in reasonabli 
amounts. While it is trae that some of these substancesi such as crudi 
petroleum or turpentine, will destroy the insect when used in largi 
quantities, the amount and strength necessary to aoecRiq)lish this resul 
often was so great as to destroy all the vegetation in the infested areas 
and, further, to render the cost of appheation over targe areas prohibitive 
It was also demonstrated that certain fertilirers may havea slight valm 
as insectiddes, thou^ their prindpal merit appears tobo iii the stimulatioi 
of the growth of the plant and in soil drainage. Salt, hme, crude potash 
cyanide of potassium, and other substances likewise'bavetbeen found im 
{Kactical since they either do not affect the larvse ak'aS^ta' to do so musi 
be used in quantities sq eaonnonstoat they either pravedestructive toal 
vegetation ware too expensive. It wasfound that tra^nng the larva anc 
the adult with baits of posstmed veg^diks inay have a possible value ii 
intenrive fanning on soaH aoeagesi. btrt it kimptacticaUe with extrasiv! 
acreages of winter wheat and' with farming methads'dd practiced in thi 
infest^ areas. At the period of thur gRatest abiiiiriut^ in summer 
repeated experimentswere peifiwniwi in attemptf^toiktt the adults vith 
pedsooed bt^toash, using die Staaefard formulas 'fontaiaashopper control, 
but the mortafity caused by use (rf theseiia^ waamtotodfagly small anh 
would not warrant expectatkm of obtaining practical control by such 
means. lAte faO or qpdng^oWte^'wtWili be vdry effective in tununs 
up and destro)ing the pupa, but as fl^ fwp op the ground usually® 
winter vdwat, the ,»ate« aisd o^ndit^ iff 'the at that^ 

ticular time .tXwr* piacticabie 

j^ectfae fat ** 

Pt'' mw® seasons, 

'ptfeisr and 


heavier whert 
feirable that ah 
"(4d Straw staclcs, 


the 

the indici^ ,)^ 
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old discarded bundles of mixed weeds and grass, and other shelter and 
lubemating qwters he btirarf or entirely removed. Especial emphasis 
should be pldcM on the bunting of piles of dead Russian thistles, which 
at present are so common in fields and along the roadsides of farms in 
the central and western portion of the infested region. Althou^ the 
scope of this paper does not permit detailed discussion of control measures 
for more than ohe species within this family, it is protable that effective 
control measures will be found not to differ greatly for most of the other 
related species of economic importance. 
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PLATE I 
Ekoia nUuraHs 


A Epipharynx {efh) and anterior margin of labmm of larva. 

B. — Head of l^a from above; lab, labmm; cl, clypeiis;/i», anterior anvle of front- 
ept, epiatoma; f, frona; *pc, epicranium. 

C. — Lateral view of larva. 

0.— Upille and ligula <rf larva seen from buccal eavity: mo, mala: li buccal 
attnace of Iigula. 

G.— Dorsal side of left mandible of larva and ventral side of right, respectively 
o* and 0 .* bictijqridate apex; t, tooth of cutting edge; m. molar part; c, cariaate 
e^ on extenor side of cutting part <rf mandible; r, soft-okinned, seta-bearing cleva- 
turn below carinate edge; e, excavation below aoft-skipned elevation. 

r-T-H ypopharyngeiu region, oesophagus, and hypopharyngeal braeon of larva, 
conespmding to piece removed bom D: kic, hypopharyngeal sclerite; hbr, hypophar- 
yi«e3] braeon; fin, mandib^ ventral fossa; ow, oesoph^us. 

H.-^ Hypo pharynge^ region of larva; same as F but reversed : fac, base from which 
hypopharyngeal sdente originatea; ibr, hypo|duryngeal liracoa;/m, mandibular 
ventral fossa; oei, oesophagus. 

/. — Second and third mouth parts of larva from -ventral side: gu, gula; tp, tentorial 
pit; sm, submentum; me, mentum; stJa, stipes labii; U, ligula; hyp, hypostoma; fm, 
fosn for inandible; bbr, hypo{diaiyiq[eal braeon; fc, fossa for cardo; or, maxillary 
articulating area; ca, cardo; cti, stipes maxillaris; bs, base of stipes; is, and is,, inner 
margin of stipes; mo, mala maxillans (probably lacinia); pag, basal membrane of max- 
illary palpus; epc, epicranium. 







PLATE 2 
EUodts tuturalis 

A.— Pyridiumof larva, side view; IX, IX, ninth abdominal ("pygidial ' ’) segment, 
docil and ventral parts; X, tenth abdmninal ("anal”) segment, showing upper and 
lower lips. 

fi.— First thoracic spiracle of larva. 

C. — Left mesotharadc leg erf larva showing posterior face: cox, coxa; tr, trochanter; 
je, femur; (i, tibia; ta, tarsus, claw-shaped. 

D. — Lrft prothoradc leg of larva, snowing anterior face; cox, coxa; tr, trochanter; 
ft, femur; ii, tibia; la, tarsus. 

£.— Ventral view of part of head, of thoracic segments, and of anterior portion of 
first abdominal segment of larva; epc, epicranium; y«, gula; y, prestemum; peu, 
preeustemal subdivision of eustemum; eu, eustemum; ttl, stemellum; a, w»tstemel- 
lum; or, articulating memhrmeof leg; prehypoplcurum; Aj, poslhypopleurrtm; c,, 
peepipleuTum; e,, postepipleurum; It, thoracic te^te; rfer, sternal shield of abdom- 
iaal segments; kp, abrloiiiinal hypoplerrrura; ep, abd ominal epipleurum; ter, abdom- 
inal tergite. 

£.— Left ptt^oracic leg of larva showing posterior face: cox, coxa; fr, trochanter; 
ft, femur; U, tibia; ta, tarsus. 

G. — Pygidium of larva, dorsal view. 

H. — F^gidium of larva, ventral view: IX, ninth abdominal ("pygidial”) segrrrent, 
ventral part; X, tenth abdominal ("anal”) segment, showing upper and lower lips; 
nnsr, anus. 




the eggplant LEAF-MINER, PHTHORIMAEA GLOCH- 
INELLA ZELLER' 

By Tboicas H. Jonss 

Coilahofnior, Truck-Crop Insect Invesiigationi, Bureau of Entomhgy, United States 
Department of Agricidiure 

INTRODUCTION 

Although one finds many references to PUhorimtea operculeUa • Zeller, 
a member of the microlepidopterous family Gelechiidae, in publications 
relating to economic entomology, the congeneric glochinella Zell, has 
receiv^ little attention. This no doubt is due to the relative economic 
importance of the two species, for whereas operculeUa is recognized as an 
important enemy of potato and tobacco in many parts of the world, 
being known as the potato tuber moth and the tobacco splitwonn, the 
lam of glockindla seems to have been recorded in literature as feeding 
only on the leaves of a weed. Solatium caroHnense. It should be men- 
tioned, however, that this species was reared years ago from tomato 
leaves received from C. F. Stahl, Spreckels, Calif., and more recently 
from tomato leaves from Brawley, Calif., and from Los Mochis, Sinaloa, 
Mexico, by Dr. A. W. Morrill. 

The writer has found PUhorimaea glochinella to be a common, though 
not serious, enemy of eggplant in Louisiana. Since no extended account 
of its life history or habits has been published, and since operculeUa also 
feeds on eggplant (5, p. 14; 6, p. j) • and Solatium caroHnense (6, p. j), 
it is quite possible that glochinella, especially in the larval stage, has at 
times been mistaken for operculeUa. 

HISTORY AND DISTRIBUTION 


Phthorimaea glochinella was described by Zeller (p, p. 26s-e64, PI. 3, 
jig ‘S) in 1873 specimens collected in Texas, bemg placed in the 
genus Gelechia. In the same year. Chambers {3, v. 5, p. 176), under the 
name of Gelechia solanieUa, gave a short description of a larva and the 
mines made by it in the leaves of Solanum caroHnense. In 1881 Miss 
Murtfeldt (7, p. 244-243) described Gelechia cinereUa from Missouri. 
Uto {S, p. 139) ^ding cinereUa preoccupied, she renamed it incon- 
ipicuella. In 1902 Busck (r, p. 302) placed solanieUa, cinereUa, and tn- 
t^enspicuella under glochinella as synonyms; and in 1903 (2, p. 822) he 
published a full synonymy of this species with bibliography and notes. 

Carl Heimich and August Busck have kindly furnished the following 
list of localities from specimens in the United States National Museum; 
Covington, Ky. (Aug. Busck) ; Kirkwood, Mo. (M. E. Murtfeldt) ; Clare- 
mont, Calif. (C. F. Baker); Brawley, Calif. (A. W. Morrill) ; Brownsville, 
(H. S. Barber); Boulder, Colo. (T. D. A. Cockerell); Wicomico 
Church, Va. (P. L. Boone); Norfolk, Va. (C H. Popenoe) ; Baton Rouge, 
h*' (T. H. Jones); Sinaloa, Mexico (A. W. Morrill). 


! nSl?* IxUiliMtiMi Not. i, 19,3. 
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ADULT 

Tlie followii^ translation of .^fr’s (9, ?’ k- rS) 

original description has kindly been made by Dr. Adam Bovmg, of the 
BtS of Entomology, United States De^toent o ^cultwe. it 
will be noted that the last sentence refers for the most part to the male 
genitalia: 

Head and palpi pure white; terminal joint with two bl^ sp^; antenns with 
wWte and fSs annulations; fore-wings ochreous pay, spotted ^ a^y gray. 
Male with anal abdominal aegm^ armed with two Uteirf clavate proiectiMs 
It mrees with optratktta in color of the body parts, only on the head and thorn 
so^J^more gray. Antenna distinctly and dark minted. Fore-wmg 
S^^reuSwi&y. dusted over all with gray, so that only ill-defined spots cat 
iriih ione of the ordinary discalsi»te or f^ia ^d out The gray 
cilia arc^to dusted at the base than m opat^lla. Hmd-wing a tnfle broader 
S Sed; below apex a slighUy mcn^ postomm^. Abdomen 

^tral surface light, duU yeltew; anal segnent of (ema e 
S’it^inally conical with prejecting ovipomw; in.the ™le it ,s hardly 
^ ^ nrfcwiinv sen^ta together, the wider side dull ocher-yellcw 
^iSf^t^rhslf-^^i<J^!^dKwldchatoveissiti^dto^^^ 

Texas (Belfrage). One good obvious pair; male taken September ik: 
female July 16; in my coUectian. 

2 Sfe f » i»“» s 

«tntpa that it has a wing expanse of 12 to 16 miDimeters. Adults 
Pk dockitidla that have been seen by the writer had a 
S oKo to 12 millimeters. They were, howevw, 
and bLuse of this, and the fact that 

timth-s of oM-nr/'’"^ reared from potato to be larger thM those 
to^tl^tTpossible that rete is not so great a difference m the 
size of the two species as Oiese figures would mdicate. 

EGG 

The recentiy laid egg is flarad, d^, 
that of a cylinder with rounded ends. Under the nucioscope u. 

to be delicately reticulated. mngkig from 0.304 «> » 

Ten eggs gave an average 1 ^;^ ®; 3 « 0.160 to o.roS 

maiim^, and an average width <rf 0.193 miUimeter, tangmg 

mUlimeter. 

The larva (PI. i, B) is somewhat ^ 

convex and the ventral surface flattened. %e the junctur® 

abdominal s^mentS to the posteior end p^jy specimen « 

rf the sep^tt. The head is flattened and abdominal 

^in^lescopcd withiu the th^. wi* 

sapnentsS duU in appearance, due to the mmute, clo9C«i granuxct, 
mvered. There are uvc piuis ch proles. . htad and thoraci 

The newly emerged larva is translucent white , i-rva becon^ ^ tiro\''n- 

dark bliie or dark green color. , , ^ the thoyf 

Thejauxacic lep are l^t m_rate.__&£ (in which the W 


UTta color. Graf (J, m) S Te 1 . 0^3 

-p Mw -/u»i o^iratUlla are black and m alccJuflic is very app®“* 

iWTk^ofthe^apeciesthat the writer haaaeenthlsMel^ ^ state 

^amSSted about 8 milUmetera m toagft. ’/ 

PM^ 'e‘^'^«“?T«^^’lenph “ horn 7 to >■ 
^ while Morgan and Crumb ( 6 . p. 4 ) Pve fiielt lenp 

uUimetera. 
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PUPA 


lie pupa (PL 1, C) IS spindle-shaped, being widest across the thorax The head is 
^nded and the abdOTien ta^ to the posterior extremity. The surface shows 
,„nerous nimute Pictures arid small wrinldes. On the heai and thorax lie 
tares are for ^ in impressed hnes, iriiile on the abdomen they are more 

evenly dismtated. On the do^ surface of the anal segment there is a iort, stout 
Ovation that Olds in n hook, segment also bears about 14 spines, with hooked 
aids, arr^ed in a aide. Small hairs also occur at intervaU over the surface of the 
head and abdomea. 

Pup* have been seen, apparenUy just formed, that were of a deep blue color More 
mature specimens are dafK brown. 

Pup* vary co^derably in sue, ranging from 3.43 miilimeters in lenrth and i ot 
Uiillioieters in width to 5.15 millimeters in length and 1.76 miUimetets m width. ’ 

HABITS 


Moths confined with growing eggplants and provided with sweetened 
water deposited eggs angly on both surfaces of the leaves. They were 
lot firmly attached to the leaf surface. 

Chambers (j, y. 5, p. 176) and Murtfeldt (7, p. 244), besides giving 
a short description of the larva, have also given brief attention to 
its mining habits. So far as observed, the mines in eggplant (PI. i, D) 
and Solatium carolineme are alwajm along the edge of the leaf. A number 
of larvs sometinies work in a ai^le leaf and at least two have been 
found using what were apparently parts of the same mine. The mined 
portion of the leaf has the appearance of a dry, oftentimes puffy, blotch, 
the older mined area being dead and Iwown. The leaf becomes dis- 
torted about the mine and sometimes curls over it, but no silk is ap- 
parent on the leaf surface. The larva removes the parenchyma and 
constructs a firm silken tube, in which it is often found, withm the minct 
area. 

In its laiwal habits Phthorimaea glochineUa apparently differs from Ph. 
i^culella in that it feeds entirely within the leaf, not leaving the mine 
to roll the le^ or feed on other portions of the plant The fact that the 
nnn^ seem invariably to be made along the edge of the leaf is also a 
habit not shown by operculeUa, and Morgan and Crumb {6, p. 4) state 
that the larva of operculdla shows no tendency to form a firm, cylindrical, 
st-lined tube. 

fthen full grown the larva constructs a loose, silken cocoon in which 
to pupate. In rearing cages these have been found just below the surface 
of the soil and amoi^ remnants of dead leaves on the soil surface. Obser- 
ratims made in the field indicate that this is the habit under natural 

conditions. 

The penod of incubation of kept in a well-ventilated insectary at 
oaten Rouge during June was about 7 days. On June 21 larvse that 
^ just issued were placed on eggplant leaves in the insectary and from 
moths began to issue on JiSy 15, giving a period of 24 days for the 
"®omed larval and pupal stages. As larvse have been taken from 
hhe fidd from early May to the middle of November, there 
®ay be several tnoods during a year. The winter months are apparently 
'sssed in the pupa stage. 

NATURAL ENEMIES 

Is writog ei PUhormaea operculeUa, Graf (5, p. 32) states that when 
^ species works as a leaf-miner its numerous parasitic enemies do 
to keep it in check. Parasites apparently play an important part 
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in the control of Ph. glochinella in Louisiana. The following species of 
Hymenoptera* have been reared from ^ockinella larvae: 

Chtlenus pMIurimaeae Gahan. Sjmpitsonerphelleus hiceloriceps Gir. 

Orgibu mtlUpts Say. Baxiiu sp. 

Bassus gibbosus Say. ApanUla sp. 

Their numbers vary considerably during the months when Pkthori- 
maea glochinella larvae occur in the field, though they are usually more 
abundant during the fall. The first three species named have issued in 
greatest numbers. 

It has not been ascertained whether these species of Hymenoptera 
are primary parasites, although Graf (5, p. 33, 42) records Bassjts gib- 
bosus and a species of Apanteles as b^g paraisitic on Phthorimm 
operculetta. He also (5, p. 40) lists Chelonus shoshoneanorum Vier. as a 
parasite. More recently Gahan (4, P- ^ 99 ) has stated that the species 
Graf figured under this name was Chelonus phthoriMoeoe. 

In addition to the reared species mentioned above, a solitary' wasp, 
Ancisifocerus jidiiipes Saussure, of the family Eumenidae‘ has been 
ote^ed by C. E. Smith to remove larvae from their mines in the leaves 
of eggplant. The wasp inserted her ovipositor into the mined arw, 
forcing the larva to move about in the mine. When it reached a point 
where there was an opening in the leaf surface, the wasp grasped the 
larva with her jaws and removed it. 
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PUTS I 

Phikotimata glocUntlla 

A. — Adult male, enlaq;ed approximately eigHt times. 

B. ~Larva; dot^ view at left, lateral view at tight. Enlarged about eight times. 

C. — Pupa at left, enlarged about ten times. 

D. — Work on leaves of eggplant. 



T^to EggP'a'^^ Leaf-Miner 


Plate I 






